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HE invitation to deliver the Caldwell 
Lecture of the American Roentgen 
Ray Society is indeed a great honor which 
I deeply appreciate. While I was not per- 
sonally acquainted with Dr. Caldwell, his 
life is an inspiration to everyone, an ex- 
ample of the true scientific spirit at its best 
in medicine, of a courageous life nobly 
spent, of suffering bravely borne. Such a 
life requires a higher degree of physical 
and moral courage than does a dramatic 
military career and in these distressful times 
should be glorified as a true ideal. It is to 
such men as Dr. Caldwell that humanity 
must eventually turn for its salvation. 
Dr. Hickey, in the Caldwell Lecture of 
1928, gave an interesting biographical 
sketch of Dr. Caldwell, and Professor 
Haenisch, Dr. Percy Brown, Dr. A. W. 
Crane and others from personal knowl- 
edge have summarized his career. Dr. 
Caldwell’s life is one of our most precious 
heritages. He has joined 


“The choir invisible 
Of those immortal dead who live again 
In minds made better by their presence. 


Whose music is the gladness of the world.” 


In speaking to you of the relationship of 
radiology and surgery, my knowledge of 
the technique of radiology is so limited 


that what I say must be chiefly from the 
surgical branch of this family tree. The 
importance of a clinical background in 
radiology has been emphasized by Dr. 
Crane in the Caldwell Lecture of 1932. 
True specialism should be based on a wide 
knowledge of medicine and upon a broad 
conception of biology. There is no occasion 
for quarreling as to the relative merits of 
the important branches of medicine. It 
reminds one of the old fable in which the 
eyes, ears, arms and legs contended as to 
which was the most important to the body. 
Only by cooperation can the best results 
be obtained. 

I shall consider this relationship under 
two heads: first, diagnosis, and second, 
therapy. 

DIAGNOSIS 


While the surgeon cannot be expected to 
be an expert roentgenologist, he should 
have sufficient knowledge to be able to 
interpret films under the guidance of the 
roentgenologist, and he should examine the 
roentgenograms on which the diagnosis is 
made. 

The earliest diagnostic application of the 
roentgen ray was in locating foreign bodies 
and in outlining fractures. During the 
World War the technique of locating for- 
eign bodies by the roentgen ray was re- 
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duced to great accuracy, so that with 
combination of films and _ fluoroscopic 
vision foreign bodies that were formerly 
considered practically inaccessible can now 
be removed under the guidance of the eye 
through a small incision. 

In the lung a foreign body may often be 
located by the amount of atelectasis pro- 


duced, even though the foreign body itself 


is non-opaque to the roentgen ray. 

In many conditions such as malignancies 
of the gastrointestinal tract, except cancer 
of the rectum, the surgeon must depend for 
diagnosis chiefly upon the findings of the 
roentgenologist. A new technique by which 
local motor derangements of the stomach 
could be more clearly demonstrated before 
there was a marked filling defect would 
render an earlier roentgenologic diagnosis 
possible and be enormously helpful in 
treatment. 

The roentgenologic diagnosis of gastro- 
intestinal lesions, depending as it does not 
only upon a filling defect but upon spasm 
and irregular peristalsis, requires particu- 
larly accurate interpretation of the findings 
and should only be attempted by one well 
trained in this work. Roentgenologic ex- 
amination of the stomach by an untrained 
person is far worse than no examination at 
all. In the rectum and terminal sigmoid 
roentgenologic diagnosis may be valuable 
but is often not dependable. Here digital 
and proctoscopic examination enables one 
to palpate and visualize the lesion, whereas 
frequently the overlying sigmoid will make 
confusion in the roentgenologic findings. 
Above this point, however, the observa- 
tions on a barium enema are of the greatest 
value in the diagnosis of a lesion of the 
colon, whether it be a cauliflower tumor, 
an obstructing lesion, a diverticulum or an 
ulceration. 

The diagnosis of pulmonary neoplasms 
is dependent both upon the roentgenologist 
and the bronchoscopist. As Dr. Evarts A. 
Graham pointed out in the Caldwell Lec- 
ture of 1933, the roentgen ray will show not 
so much the actual tumor as the atelectasis 
it produces, and the amount of collapse 
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may change from time to time without 
necessarily a corresponding change in the 
growth itself. In this respect the tumor acts 
as a foreign body. 

In the diagnosis of lesions of the brain, 
the roentgen ray has been most helpful. 
The pioneer work of Dandy in injecting air 
and outlining the ventricles is important. 
A recent method developed by Freeman of 
Washington in which radiopaque fluid is 
injected into the ventricles gives an even 
more accurate ventricular outline. This 
method, however, is not without danger. 

The proper interpretation of lesions of 
the bone is frequently dependent almost 
entirely upon roentgenologic observation. 
The differentiation, for instance, between 
Ewing’s sarcoma (endothelioma of the 
bone) and osteomyelitis is often oe 
and cases have been reported in which < 
competent surgeon and a trained tag 
gist have interpreted this neoplasm as 
osteomyelitis, the microscopic examination 
apparently showing inflammatory tissue, 
and even a roentgenologic study was at 
first inconclusive. While the diagnosis of a 
fracture by the roentgen ray may be com- 
paratively easy, the correct interpretation 
of a roentgenologic study of neoplasms of 
the bone is often extremely difficult and 
demands the best training and extensive 
experience. 

Constantly, fields are arising in which 
roentgenology is uncovering new condi- 
tions and diseases, and is throwing further 
light upon physiologic processes that are 
of interest both to the surgeon and the 
radiologist. By careful and laborious roent- 
genologic examinations, Dr. Walter B. 
Cannon first gave us a correct conception 
of the peristaltic action of the gastrointes- 
tinal tract. The fluoroscopic examination 
of gastrointestinal movements has _ been 
augmented by the direct observation of 
peristalsis as instituted by Alvarez with 
moving pictures of the peristaltic phenom- 
ena. 

With the development of a_ better 
technique and more powerful machines, the 
roentgen ray is a great help in the diag- 
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nosis of brain tumors, tumors of the larynx, 
retropharyngeal abscess, urinary tract dis- 
ease, and certain obstetrical conditions. 
Intra-arterial injection of some radiopaque 
fluid to determine the condition of the 
vessels in order to make a more definite 
diagnosis in threatened gangrene or in 
arteriovenous communications has been 
described, and in some instances is of 
clinical use. However, at present, such a 
procedure would seem to incur a risk out of 
proportion to its diagnostic usefulness, 
except in a few unusual cases in which it 
may be justified. 

The recent advanced work in the roent- 
genologic diagnosis of gastric lesions gives 
much promise of an even larger field of 
usefulness. Whatever may be the opinions 
of the various contenders as to the relative 
number of cases of peptic ulcer that be- 
come gastric cancer, it is generally accepted 
that some peptic ulcers do become can- 
cerous. Whether it is maintained that many 
of these ulcers are cancerous from the be- 
ginning and grow slowly or that they had 
originally a benign ulcer base, so far as 
treatment is concerned it is merely the 
difference between tweedledum and twee- 
dledee. Certain it is that a considerable per- 
centage of smaller gastric ulcers that were 
formerly considered benign prove on ex- 
cision and microscopic examination to be 
cancerous. Then, too, there are definite 
cases in which the diagnosis of cancerous 
change from a peptic ulcer cannot logically 
be denied. One of my cases, for instance, 
cannot reasonably permit of any other 
interpretation. The patient (Mrs. L. E. H.), 
a woman, aged seventy, had had gastric 
symptoms at intervals for fifteen years. 
Roentgenologic examinations showed a 
lesion on the lesser curvature about 2 cm. 
from the pyloric sphincter, and marked 
spasm. A partial gastrectomy was done 
December 10, 1928. There was an ulcer on 
the lesser curvature of the stomach toward 
the posterior wall. It infiltrated slightly the 
surrounding tissues, was oblong and super- 
ficial. It measured 2 cm. in its longest di- 
ameter. It appeared to be an old lesion 
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with some inflammatory deposit and a 
possibility of early malignant growth. 
Numerous sections from different portions 
of the lesion showed no evidence of malig- 
nancy except at one point in one slide 
where there were two acini definitely can- 
cerous, with irregular nuclei, mitotic figures 
and invasion of the basement membrane. 
The patient has since remained well. 

Somewhat similar cases have been re- 
ported by J. Merle Scott, and other sur- 
geons. 

Not infrequently, a correct diagnosis 
of the nature of a gastric lesion may be 
dependent solely upon the roentgen find- 
ings. Thus, in a young man, aged thirty- 
one (C. G. W.) who had a history of gastric 
symptoms for five or six months, a roent- 
genologic examination of the stomach was 
made by Dr. Alexander B. Moore, of 
Washington, who reported in September, 
1933, that the patient had an inoperable 
carcinoma. On account of his age and the 
fact that his gastric acidity was high, free 
acid ranging from 66 to 93, it seemed to me 
probable that the lesion might be a per- 
forating ulcer. On September 26, 1933, I 
did a partial gastrectomy and removed 
with the electric cautery a small portion 
of the adherent pancreas. There were 
two ulcers, one 4.5 by 4 cm., and the other 
more superficial 2 by 1 cm. The large one 
was sharply marked, deep, and clear-cut 
with a necrotic base on the pancreas. A 
histologic examination of its margin 
showed what appeared to be inflammatory 
tissue. 

The patient made a fairly satisfactory 
immediate recovery. On April 24, 1934, he 
returned with masses scattered throughout 
the abdomen and rectal digital examina- 
tion showed involvement of the cul-de-sac. 
Another examination of the tissue from 
the original specimen a short distance from 
the margin of the ulcer showed small round 
cell carcinoma. A biopsy gave the same 
type of tissue. Under roentgen treatment 
the masses almost vanished, but they soon 
reappeared and the patient died June 21, 
1934. 
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In this instance, the history of the case, 
the gross appearance of the specimen and 
the presence of the acid, all seemed to point 
to a diagnosis of peptic ulcer, but the posi- 
tive findings of Dr. Moore proved to be 
correct. The same thing has occurred in 
reports from the roentgenologist connected 
with my hospital. 

On the other side of the picture is a case 
reported by Rivers and Dry,! of the Divi- 
sion of Medicine of the Mayo Clinic. “A 
man, aged 28, complained of epigastric 
pain which had occurred at intervals during 
the five years prior to his admission to the 
clinic. The distress had come on from two 
to three hours after meals and had been 
relieved temporarily by food or alkalis. At 
times the pain had radiated to the thorax. 
Three years before, in 1928, a gastric ulcer 
had been suspected, but roentgenologic 
examinations by two physicians had given 
negative results. Appendectomy had been 
performed, and shortly afterward the gall- 
bladder had been removed for the relief of 
the same symptoms. The distress, however, 
had continued. The pain had then been 
replaced by a feeling of gaseous distention. 
There was no history of melena at the time 
of the first visit to the clinic, in November 
1931. Roentgenologic examination on No- 
vember 10, 1931, revealed a_ perforating 
ulcer on the lesser curvature above the angle 
of the stomach and a smaller ulcer slightly 
higher on the lesser curvature. Analysis of 
the gastric content revealed total acid of 46 
and free hydrochloric acid of 38. The pa- 
tient insisted on medical treatment; he was 
therefore hospitalized and placed on a 
strict regimen for the treatment of ulcer, 
which promptly relieved the symptoms. 
At times when he had epigastric distress, 
alkali afforded relief. Examination of the 
stools for the presence of blood on six 
occasions had given negative results. 
Roentgenologic examination was again 
made on November 18, and a small per- 
forating lesion was seen to be still present 


! Rivers, A. B., and Dry, T. J. Differentiation of benign and 
malignant gastric ulcers; unreliability of diagnostic criteria. 
Arch. Surg., April, 1935, 30, 702-715. 
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on the lesser curvature; at a similar exam- 
ination on November 24, the ulcer was 
found to be very shallow, and on December 
2 it was no longer seen. Two days later the 
patient was dismissed from the hospital 
and returned to his home. 

“The trouble recurred shortly after the 
patient’s dismissal, but during the sub- 
sequent winter he suffered little if any dis- 
tress. In the spring and autumn, however, 
there was further epigastric distress, de- 
spite rigid adherence to the diet. During this 
period black stools were noted during 
several periods of three or four days, and 
the patient’s condition gradually became 
worse. The pain, although now localized, 
became more intense, ‘like molten lead,’ 
and was accompanied by a great deal of 
gas. Food and alkalis no longer afforded 
relief. The general condition of the patient 
remained good, and there was no loss of 
weight. 

“On the patient’s return to the clinic in 
October, 1932, roentgenologic examination 
revealed a large perforating ulcer high on 
the lesser curvature of the stomach and a 
smaller ulcer immediately below the first. 
Malignancy was suspected, and at explor- 
ation a mass the size of a fist was found to 
involve practically the entire cardiac end 
of the stomach. Several large indurated 
glands were present in the area of lymphat- 
ic drainage. The patient died four months 
later. At necropsy the two gastric ulcers 
were proved to be malignant.”’ 

In asummary they state, “It seems to us 
that unless contraindications are present it 
is usually safer to treat gastric ulcers sur- 
gically.” 

Such cases, however, are the exception. 
A competent roentgenologist can not only 
make a correct diagnosis of the presence of 
a stomach lesion in a large percentage of 
the cases, but also can give a correct dif- 
ferentiation as to whether the lesion is 
benign or malignant. In cases of reasonable 
doubt, however, it would certainly be the 
part of safety to treat a gastric ulcer as a 
malignant lesion, especially if it is near the 
pylorus, and do a partial gastrectomy. 


| 
| 
| 
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Affections of the joints, such as arthritis 
and the extent of destruction of the bony 
parts, tuberculous diseases of the joint, 
pulmonary tuberculosis, pneumonia, pleu- 
ral effusion, and subdiaphragmatic ab- 
scesses, are other conditions in which a 
roentgen study is not only helpful but often 
indispensable for a correct diagnosis. The 
roentgenologic appearance of malignant 
metastatic bone lesions may in many in- 
stances enable one to determine the organ 
in which the malignancy originated. Met- 
astases to bone from cancer of the prostate 
are usually bone-producing lesions with a 
snow-flaky appearance and occur mainly 
in the pelvis and spine. From cancer of the 
breast, the metastases are usually bone- 
destroying lesions with definite irregular 
areas of complete bony destruction varying 
greatly in size. The roentgenologic appear- 
ance of multiple myelomas is that of nu- 
merous, usually small, often punctate, 
areas of bone destruction, with smooth 
outlines. Films of the lungs in sarcoma of 
any extremity, especially osteogenic sar- 
coma, should always be taken before any 
operation is done because even though the 
original lesion may not be advanced, fre- 
quently pulmonary metastases undetected 
by ordinary means of physical diagnosis 
are found by a roentgenologic examination. 

I have not attempted to differentiate 
strictly medical diseases from surgical 
conditions, because there should be no 
such differentiation. Not infrequently one 
blends into the other. A subdiaphragmatic 
abscess, for instance, may arise from many 
causes, and pleurisy and empyema may be 
preceded or accompanied by pneumonia or 
produced by trauma. To attempt too sharp 
a division into medical and surgical fields 
is unfortunate and may result in confusion 
and a too contracted vision of the whole. 


THERAPY 


The second relationship of surgery and 
radiology concerns therapy. Here condi- 
tions have changed very greatly in the last 
few years. In some instances where several 
years ago roentgen therapy may have 
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seemed to be indicated, it has been found 
upon careful investigation by both radiol- 
ogists and surgeons unsatisfactory and 
here surgery has to a large extent sup- 
planted irradiation. Notable, for example, 
is the radiation treatment of osteogenic 
sarcoma which has been disappointing and 
has been largely replaced by surgical treat- 
ment. More frequent instances, however, 
are those in which irradiation has sup- 
planted surgery. Thus, in cancer of the 
cervix uteri, which was formerly considered 
a disease demanding a radical hysterec- 
tomy, irradiation in the form of radium or 
roentgen rays, or, probably better still, a 
combination of the two, is now the ac- 
cepted method of treatment. So many 
improvements in irradiation technique 
and machines have been introduced re- 
cently that it is impossible to compare 
five year cures by the recent improved 
methods with those resulting from surgery, 
because enough time has not elapsed to 
permit the accumulation of a sufficiently 
large group of cases for comparison. Cer- 
tain it is that in many of the more malig- 
nant types of’tumors such as lymphosar- 
coma, irradiation is the only satisfactory 
treatment. Even though few cases are 
cured, a marked recession and practically 
a disappearance of the growth not infre- 
quently result, whereas in surgery prompt 
recurrence after even the most radical 
operation is the rule. 

In cancer of the fundus of the uterus, 
preoperative irradiation may be helpful, 
though it is not so efficacious as in cancer 
of the cervix. Cancer of the cervix has ac- 
cess to abundant lymphatics, and its rela- 
tionship to the surrounding important 
structures, as the ureters, the bladder, the 
rectum, is so close that a wide excision of 
tissues cannot be accomplished without 
injuring these important structures. Can- 
cer of the fundus appears to be more easily 
localized and a properly performed vaginal 
hysterectomy, after first packing the cervix 
with antiseptic gauze and then closing the 
cervix completely, gives excellent results. 
The need for irradiation in these cases is 
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not so obvious, whereas in cancer of the 
cervix surgery plays but little part, and 
irradiation is the most important therapy. 

The treatment of basal and squamous 
cell skin cancer by irradiation is well rec 
ognized and has been amply justified by 
clinical cures. The good results may be due 
to the superficial situation and to the direct 
accessibility of these lesions to caustic ir- 
radiation. However, a considerable sensi- 
tivity to irradiation exists, particularly as 
compared with melanotic carcinoma of the 
skin which is also superficial, but which is 
very slightly affected by irradiation except 
in enormous doses. Basal cell cancer ap- 
parently does not metastasize, and when it 
does seem to metastasize there is accom- 
panying the basal cancer a squamous cell 
type, which is not an extremely rare occur- 
rence; or else there is at least a transitional 
form of cancer. 

The treatment of many inflammatory 
lesions of the skin by irradiation has been 
made efficient. Boils and carbuncles may 
often be greatly benefited if not cured by 
the proper and skillful application of roent- 
gen therapy, whereas an operation, par- 
ticularly a cutting operation in the early 
stages of these lesions, often proves disas- 
trous. Granulomas and many acute local- 
ized infections are often healed by the 
roentgen rays. Erysipelas is frequently 
checked or retarded by skillful irradiation. 
The treatment of tumors of the pituitary 
by deep roentgen therapy has apparently 
been beneficial in some instances. An in- 
teresting case of Mikulicz’s disease with 
the lesions involving the lacrimal and the 
submaxillary glands, in which the patient 
was cured by roentgen treatment, has been 
recently reported by Dr. Fred M. Hodges,’ 
who has done such notable work in irradia- 
tion of inflammatory conditions. Parotitis 
occurring after surgical operations is 
greatly benefited, and keloid growths and 
excessive scar tissue formation are often 
best treated by carefully applied irradiation. 

The treatment of tumors of the stomach 


* Hodges, F. M. Treatment of Mikulicz’s disease. South. M. F 
March, 1935, 28, 205-209. 
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and the large bowel by irradiation has not 
been encouraging, except in cases of lym- 
phosarcoma, which seems to be quite sen- 
sitive to irradiation. Even here, after the 
treatment probably a resection should be 
done. Cancer of the rectum is more respon- 
sive to irradiation than cancer of the colon. 
As Graham has called to our attention, 
treatment of cancer of the lung by irradia- 
tion is of doubtful value; the apparent 
benefit, as he has said, may be due to the 
fact that the atelectasis that often ac- 
companies these tumors may partially or 
completely disappear, even though the 
tumor has not decreased, and on the roent- 
genogram this change may be interpreted 
as a decrease in the size of the tumor itself. 

The treatment of bone malignancies by 
irradiation is usually not helpful, with the 
exception of Ewing’s sarcoma (endothe- 
lioma of bone). It was thought at one time 
that this latter disease could be cured by 
roentgen therapy, but usually there is a 
recurrence and sooner or later either a 
resection or preferably an amputation 
must be done in order to obtain a cure. It 
seems that in this particular neoplasm a 
combination of irradiation, excision or 
amputation, and Coley’s toxins is the best 
treatment, as Coley’s toxins are probably 
more effective in this type of malignancy 
than in any other. 

Giant cell tumors of bone, which are not 
now considered malignant, are often bene- 
fited and sometimes cured by irradiation. 

The treatment of malignancies of the 
prostate and of the bladder by interstitial 
irradiation or external radium and roentgen 
therapy, or a combination of these, has 
frequently given excellent results. 

In the treatment of cancer of the breast 
it has been my practice, with the collabora- 
tion of the roentgenologist, to advise pre- 
operative roentgen therapy, usually in 
heavy doses, and then an operation that 
would include in the excision most of the 
irradiated surface. No postoperative treat- 
ment is given unless there is an indication 


of a return of the cancer or unless in some 
younger patients a more virulent type of 
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cell is present. In such instances postopera- 
tive irradiation of the tissues above and 
below the clavicle and in the axilla may be 
advisable. While the statistics at present 
are not prepared, my impression is that 
since we adopted this combination of pre- 
operative irradiation and surgery our five 
year cures have increased. I hope to be able 
to report our statistics later, when we have 
accumulated more cases in the five year 
period. 

[In inoperable cancer of the breast, ir- 
radiation is often very beneficial and occa- 
sionally apparently curative. It rarely fails 
to help these otherwise hopeless cases, even 
though the benefit is only temporary. 

Because of recent improvements in ther- 
apy technique, made possible to some 
extent by newer and more _ powerful 
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machines, much better results are now 
being obtained in the treatment of many 
malignant diseases. 


| have merely outlined some of the many 
fields common to both radiology and sur- 
gery. By close cooperation and frequent 
consultation the radiologist and the sur- 
geon will not only be more effective in the 
diagnosis and treatment of disease, but 
following the ideals of Caldwell may de- 
velop opportunities for the discovery of 
new truths in physiology, in pathology and 
in physics; and the discovery of a new truth 
is the most enduring of monuments, for 
it will live on and on when blind oblivion 
swallows cities up, and “‘you and I like 
streaks of morning cloud shall have melted 
into the infinite azure of the past.” 


| 
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CONGENITAL CYSTIC LUNG 
A REPORT OF MULTIPLE CYSTS WITHIN AN ACCESSORY LOBE 


By MORETON J. THORPE, M.D. 
From the Department of Radiology, San Francisco Hospital 


SAN FRANCISCO, CALIFORNIA 


YONGENITAL cystic lung is a rare 

4 anomaly. The few cases surviving in- 
fancy offer interesting studies, and the 
following is a ten year record of such a 
case, studied from infancy to the age of 
thirteen. Reports in the literature, mainly 
German, are mostly of necropsy findings 
in infants and still births. Koontz, in 1925, 
collected 108 cases from the European 
literature and added one of his own. Re- 
cently Eloesser, Miller, Anspach and Wol- 
man, Pollock and Marvin, and Crosswell 
and King have added several American 
cases. Some of these were clinical studies 
on adults. Wood has brought the number 
of cases to date since 1925 to 23. The diag- 
nosis was made clinically in 16 and on 
necropsy material in 7. In an excellent 
clinical study he added 16 cases diagnosed 
during life. 

Most of the reports have been of the 
large solitary type of cyst and only a few 
of the small multiple cysts found in the 
present case. There must be many more 
which escape infection and survive an old 
age without symptoms. Some are seen as 
an occasional incidental finding of small 
cysts within the lung at necropsy. Simi- 
larly, a few are accidental findings on roent- 
gen films. Indeed, beyond the mechanical 
embarrassment of the larger cysts in in- 
fancy, it is infection which determines 
prognosis and if the cysts escape infection 
they may never be recognized. The follow- 
ing report is one of these chance roentgen 
findings in a routine school examination, 
in which investigation revealed a previous 
roentgenographic examination in infancy. 
At this time there was infection with cough 
and fever and the diagnosis was congenital 
bronchiectasis. Slow recovery unexpectedly 
occurred. 


H. M., a Japanese girl, aged two, first entered 
the Eye Clinic of the Stanford University Med- 
ical School in November, 1922. She was re- 
ferred for treatment of a corneal ulcer of the 
left eye of two weeks’ duration and phlyctenu- 
lar conjunctivitis. Examination also showed 
enlarged tonsils and some increase in breath 
sounds over the right chest. She also had spasms 
of cough without sputum. No further notes are 
had on the examination at that time. 

The ulceration healed but later a small ulcer 
appeared in the opposite eye, and hospital care 
was recommended. She entered the pediatric 
service of the Stanford University Medical 
School in March, 1924. Her age then was three 
years five months, her weight 25} pounds. The 
family history was not significant. Parents were 
born in Japan and had lived in San Francisco 
eight years. The father died of pneumonia, ill 
two weeks. The mother was well. 

The patient was the second of three normal 
pregnancies and had a normal birth at eight 
and one-half months, weight 63 pounds. She 
was breast fed nine months, then given fresh 
cow’s milk. Development was normal, but she 
was weak and inactive and her hygiene poor. 

She apparently had the usual childhood 
diseases. However, it is significant that at the 
early age of four months the diagnosis of per- 
tussis was made. In the light of subsequent 
findings it is conceivable that this was an early 
expression of a congenital anomaly. As to 
attacks of cyanosis or cough shortly after birth 
no notes in her record can be found, and no 
added information is had later. The patient 
was born in September, 1920, and pertussis 
was diagnosed the following January, so that 
cough was an early symptom and followed 
shortly if not immediately after birth. Frequent 
colds and cough followed. The cough was non- 
productive, and came in spasms, with no men- 
tion of cyanosis. She also had measles and a 
mild otitis media during the third year. 

Examination revealed a moist eczema of the 
scalp and a phlyctenule on the left eye. Teeth 
were dirty with gingivitis present. Tongue was 
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infamed and mucosa excoriated, tonsils large 
and infected. Cervical glands were easily pal- 
pable. Chest was well formed and symmetrical 
with normal resonance. Over the left chest in 
back many fine crackling rales were heard. The 
heart was normal. 

Roentgen examination of the chest revealed 
a “‘density in the lower inner portion of the 
right lower lobe, bounded above by a diagonal 
line of considerable sharpness. The density has 
a honey comb structure, some of the cells being 
as much as a centimeter in diameter. Both hilus 
shadows are a little heavier and considerably 
more extensive than normal. The heart and 
great vessel shadow is within normal limits.” 
The diagnosis by Dr. Newell was bronchiectasis. 

A subsequent roentgenoscopic examination 
“corroborates the roentgenographic findings. 
The portion of the right lower lobe which is 
filled with cavities is apparently confined to its 
mesial third, and there is an interval of fairly 
normal appearing lung field in front and behind 
the affected region. This may account for the 
failure to obtain physical findings of multiple 
bronchiectatic cavities.” 

The temperature varied between gg° and 
103° F. during the eight days’ stay in the hospi- 
tal, pulse go-150. Blood examination was nor- 
mal save for a slight leukocytosis. Urine was 
negative. Blood Wassermann was likewise 
negative. Sputum examination showed no evi- 
dence of tubercle bacilli. However, the tuber- 
culin test was strongly positive. The child 
coughed considerably, but no sputum was ob- 
tained during the hospital stay. Knee-chest 
position was tried in an attempt to drain the 
cavities, but produced no sputum. 

It was agreed that although the physical 
signs were not those of a bronchiectasis, the 
roentgen findings seemed definite. However, 
tuberculosis was suspected. 

The patient was next seen in March, 1934. 
She had been referred from school to the San 
lrancisco Hospital for a roentgen examination 
of the chest. The clinical diagnosis was tuber- 
culosis. Her complaint was a mild chronic non- 
productive cough and underweight. Her age 
was thirteen and one-half years, her height 
58 inches, weight 85 pounds. During the past 
ten years since discharge from Stanford Uni- 
versity Hospital her health had been good save 
for an intermittent dry cough. There was an 
occasional added cold with low fever at which 
time a little sputum was raised. Several times 
tonsillectomy was recommended but never 
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performed. Her development was normal and 
she played games at school without complaint 
of dyspnea. There were no attacks of cyanosis. 

Examination showed a small but normally 
developed girl for her age. The chest was sym- 
metrical but there was a slight lag on the right 
on inspiration. There were no areas of dullness 
or increased resonance but breath sounds over 
the right lower chest anteriorly were a little 
more harsh and high pitched than on the left. 
No rales were heard. The heart was not dis- 
placed and sounds were normal. The color of 
the skin was normal and there was no clubbing 
of the nails. 

A roentgenogram of the chest revealed the 
same multiple air containing cysts in the right 
lower lobe noted during infancy. They occupy 
a triangle medially and opposite the heart later- 
ally, so that normal lung surrounds the cystic 
area. Their lateral limit is a straight sharp line 
with slight tenting at its junction with the 
diaphragm. The heart was not displaced. 
Roentgenoscopy revealed a slight lag of the 
diaphragm on the right. Cough elicited no 
noticeable winking of the cysts. 

That the cysts are in free communication 
with a bronchus must be admitted, for other- 
wise the air would be absorbed. For this reason 
examination with lipiodol was not immediately 
resorted to and a later opportunity was not had. 
Although lipiodol might more clearly explain 
the relation of the right main bronchus to the 
cystic lobe, several factors considered later 
assist in a clear interpretation. 

It can be noted that the walls of the cysts in 
the later films are thinner, which suggests that 
in infancy there had been infection within the 
cavities with infiltration within the adjacent 
atelectatic lung, and that this infection later 
cleared, leaving thin-walled cavities in free 
communication with a bronchus. Intermittent 
filling of the cysts and plugging of the bronchi 
are probably to be associated with the early 
attacks of fever and cough. However, there has 
been little sputum or sepsis and the clinical 
picture has not ‘been that of acquired bron- 
chiectasis. On the other hand, contrary to the 
usual fatal prognosis with cysts, the patient has 
slowly recovered. In addition, cyanosis, so far 
as we know, was not an early sign and did not 
accompany attacks of cough, as is usual with 
cysts in infancy, and in which attacks death 
often occurs. Here however, the reported at- 
tack of whooping cough shortly after birth at- 
tests to the severity of the symptoms and is 
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Fic. 1. Multiple air-containing cysts in infancy, 
showing thickened cyst walls associated with in- 
fection and mild sepsis, with adjacent atelectatic 
lung in the involved area. 


evidence of the early manifestation of an 
anomaly. 


The literature is filled with conflicting 
terms for the same congenital anomaly, 
congenital bronchiectasis, congenital cystic 
lung, atelectatic bronchiectasis, honey- 
comb lung. The various terms probably 
have arisen in association with the many 
theories of origin, as explained and re- 
viewed by Koontz. As to cysts, there are 
two types reported, the large solitary and 
the small multiple. The terms above would 
seem to apply more aptly to the multiple. 
The two types seem closely related and 
probably both have a similar congenital 
origin, as recently suggested by Miller. 
The two have occurred together in the 
same patient (Eloesser, de Lange), and are 
probably merely a different expression of 
the same condition. Some when first no- 
ticed contain fluid, as in a case of large 
solitary cyst of the left lower lobe reported 
by Anspach and Wolman in an infant, in 
which the fluid was spontaneously coughed 
up and the cyst filled with air. Multiple 
cysts similarly at first may contain fluid, 
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the fluid later replaced by air when bron- 
chial communication occurs later during 
development and growth of the lung. 

A congenital origin seems the most 
plausible, and most easily explains the 
great number of cystic lungs found in still 
births and young infants. Congenital car- 
diac and skeletal lesions are frequent ac- 
companiments. Cysts encountered in 
adults are usually altered by infection and 
their origin is difficult to determine, but 
Koontz notes that a lack of pigment in the 
tissue involved shows that the part never 
functioned and is evidence again that the 
condition antedated birth. Most writers 
agree on a congenital origin, but its cause 
is altogether obscure. 

The case under discussion presents sev- 


eral added interesting features, some of 


which have been touched upon above. 
Although the congenital origin seems 
patent, it can be argued that from the 
appearance of a basal triangular shadow 
the entire right lower lobe is involved in 
an atelectasis with here and there cystic 
bronchiectatic dilatations. Anspach has 


Fic. 2. Lateral view shows normal lung in front and 
behind the cystic area. 
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recently reported 50 cases of atelectasis, 
many with autopsy findings, showing ade- 
quately that the entire lower lobe on 
either side may become atelectatic and 
occupy only a narrow medial triangle. 
Richards has reported similar cases, some 
in accessory basal lobes. Atelectasis that 
persisted resulted in bronchiectasis, but 
it is interesting that in no case did there 
develop cysts of the nature under dis- 
cussion. Accordingly, we are not dealing 
with simple atelectasis of the acquired 
type. On the contrary, since cysts are not 
a sequel to acquired atelectasis, their pres- 
ence in themselves would seem to indicate 
a congenital origin. 

Also, with atelectasis the lobe tends to 
flatten out on the diaphragm laterally. 
However, in our case, there is a definite 
tenting of the diaphragm at the lateral 
limit of the cystic lobe. None of Anspach’s 
cases shows this, and Graberger has em- 
phasized this as a sign of basal accessory 
lobe. Rigler and Ericksen also cite this find- 
ing, and add that in atelectasis the lateral 
margin of the collapsed lower lobe is con- 
cave, in accessory lobes the line of the 


Kic. 3. Cyst walls are thin with now no evidence of 
infection and no symptoms. Note the tenting of 
the diaphragm and the straight lateral border of 
the cystic area, evidence of cysts within an acces- 
sory lobe. 


Congenital Cystic Lung 


lic. 4. Cysts are lateral to the heart. 


septum is straight. This concave margin is 
noted in most cases of basal lobe atelectasis 
including those of Anspach, whereas the 
present case has a straight lateral border. 
These two factors emphasize the assump- 
tion that we are really dealing with a cystic 
bronchial dilatation within a basal acces- 
sory lobe, two closely associated anomalies. 
This is in accordance with common knowl- 
edge that congenital anomalies are often 
multiple. Likewise, accessory lobes and 
bronchiectasis are not uncommonly associ- 
ated, and Harrington has removed a cystic 
accessory lobe. In fact, Kerley, finding at 
least a partial basal accessory lobe in 40 
per cent of specimens, concludes they are 
a factor in the cause of congenital bron- 
chiectasis. If the accessory lobe is supplied 
by a small weak-walled paracardiac branch 
of the main lower lobe bronchus, collapse 
and atelectasis and subsequent bronchi- 
ectasis develop. Miller, in a recent excel- 
lent treatise on the same subject, holds 
similar views. The infantile lung grows for 
several years after birth by peripheral ex- 
tension of bronchial buds developed in the 
prenatal period. If the normal bronchial 
branching is altered, no terminal buds de- 
velop, and there results bronchial disten- 
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tion instead of air spaces, generalized or 
localized, with bronchiectasis. Cysts may 
develop by over-distention with partial or 
complete occlusion of the proximal end of 
the stretched bronchus. If the age of onset 
is early, a stem bronchus is involved and a 
solitary large cyst occupies the space of a 
whole lobe; if later, bronchial branches de- 
velop into multiple cysts. 

Accordingly, in our case it would appear 
that cysts have developed in association 
with an accessory lobe, and that the two 
anomalies are interrelated, one causing the 
other. 

Many developmental defects, however, 
are undoubtedly at fault in the production 
of the various types of cysts found, some 
scattered irregularly throughout the lung, 
some limited to one lobe. Koontz found an 
apparent constriction proximal to small 
multiple cysts scattered through both lungs 
in a twelve day old infant dying in respira- 
tory distress. At the apparent constriction 
there was thickening of the mucosa due to 
local overgrowth of bronchial epithelium, 
which, from whatever cause, apparently 
produced a cystic dilatation of bronchial 
buds beyond. Cysts intercommunicated 
and there were found several bronchial con- 
nections. In an infant dying eight weeks 
following birth, de Lange found cysts of 
variable size limited to the left lower lobe. 
Infection had so altered what was undoubt- 
edly originally a congenital anomaly that 
she could point to no clearly defined defect, 
and concludes that many factors must be 
involved in what she prefers to call “‘agene- 
tischer” or atelectatic bronchiectasis. 

Similarly, Meyer and later Grawitz have 
described the pathological anatomy and 
searched for congenital defects. Cystic lung 
tissue has been found even outside the 
chest cavity, isolated bronchial epithelium 
lacking stimulus to normal growth and pro- 
ducing cysts. 

Anspach and Wolman have attempted a 
descriptive classification of cysts, based on 
a congenital origin and their subsequent be- 
havior, as solitary and multiple, air cysts 
with and fluid cysts without a bronchial 
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communication, expansile and non-expan- 

sile depending on a narrow one-way valve 

orifice or free opening respectively. 
Recognition of the larger solitary cysts is 
not difficult in the face of severe symptoms. 

Recurrent attacks of dyspnea and cyanosis 

in an infant with hyperresonance and dis- 

placement of the mediastinum should sug- 
gest a cyst rapidly filling with air. Roent- 
gen examination should confirm the diag- 
nosis, either alone or with the aid of lip- 
iodol. Small multiple cysts are less easily 
picked up and, if no infection supervenes, 
may remain silent in the adult, when diag- 
nosis is unimportant. Infection in infants 
simulates bronchiectasis with cough and 
sepsis. There may be little or no sputum, 
as in the present case. Prognosis is poor, 
and death ensues usually within the first 
few weeks or months following birth. In 
this respect the present case is remarkable 
and were it not for the fact that only a 
small portion of the lung is involved, and 
this an accessory lobe, the outcome no 
doubt would not have been so favorable. 
CONCLUSIONS 
(1) Cystic lung is a congenital develop- 
mental anomaly in which many factors are 
undoubtedly involved. 
(2) The present case is one of few re- 
ported associated with an accessory lobe. 
(3) The condition is usually fatal, espe- 
cially in the presence of infection, and our 
patient has recovered only because a small 
area, an accessory lobe, is involved. 
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THE NEGATIVE PRESSURE CHAMBER IN THE 
ROENTGENOLOGICAL DEMONSTRATION 
OF PULMONARY DISEASE* 


By HUGH E. BURKE, M.D. 


RAY BROOK, NEW YORK 


HE shadows in roentgenograms of 

inflated excised lungs are invariably 
more sharply defined than those in roent- 
genograms of the lungs in situ. Conse- 
quently, roentgenograms of excised lungs 
afford a better opportunity for the cor- 
relation of roentgenographic shadows and 
pulmonary lesions. It is important, in all 
such correlations, that the lungs be inflated 
to approximately the same extent as during 
life. This is best accomplished by inflating 
the lungs in a negative pressure chamber, 
because the intrapleural pressures incident 
to respiration can be duplicated. The con- 
figuration of the bronchial tree, also, can 
be readily demonstrated in roentgenograms 
of lungs taken after the intratracheal in- 
jection of iodized oil. 


NEGATIVE PRESSURE CHAMBER 


This (Fig. 1) is an air-tight wooden box 
with cellophane windows front and back. 
The cellophane is set into a groove about 


3 of an inch deep, sealed with either 


7 


Fic. 1. Negative pressure chamber. 4, large cork 
carrying cannula; B, small cork carrying tube to 
negative pressure source; C, mercury manometer; 
DD, \ead sheets; EE, guides for holding roentgen- 
ray film. 


modelling clay or shellac, and held in place 
by cleats as shown. There is a large rubber 
cork (4) in the top carrying a cannula, and 
a small one (8) in the side carrying a tube 
connected to the apparatus for exhausting 
the air. A mercury mariometer (C) is con- 
nected with the interior of the chamber. 
The manometer may be placed on the front 
of the chamber if a permanent record on 
the film is desired. The upright board is 
covered with lead sheets (DD) to protect 
one-half of the film while the remainder is 
exposed. Two exposures are made on one 
film, thus expediting the making of stereo- 
scopic roentgenograms. Guides (EE) are 
to hold the film cassette. 

The size of the box varies with the kind 
of animal used. For the lungs of rabbits 
and smaller animals, one with windows 
6X7 inches and with a depth of about 
43 inches is best. For larger lungs, up to 
the size of human ones, a box approxi- 
mately 15X17 inches with a depth of 12 
inches is satisfactory. With the larger box 
it is necessary to have a removable cover 
which fits snugly into the top of the box 
and is sealed with modelling clay or vase- 
line. 

For the windows, cellophane 1/32 of an 
inch thick seems best to combine the prop- 
erties of rigidity, transparency and roent- 
gen-ray permeability. 

TECHNIQUE 

The lungs are removed from the animal 
as soon after death as possible, the heart 
and adjacent structures are dissected away 
and the trachea is tied to the cannula. 
They are then placed in the chamber and 
inflated by suction. This is done either by 
mouth or by pump. 

Since the lungs can easily be held in any 
respiratory phase, a relatively long ex- 
posure and a film without intensifying 


* From the New York State Hospital for Incipient Pulmonary Tuberculosis, Ray Brook, N. Y. 
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screens are used. These factors make for 
sharper delineation and better contrast in 
the roentgenograms. An exposure of 0.15 
second with a voltage of 90,000 and a mil- 
liamperage of go at a distance of 30 inches 
seems to give the best results for rabbits’ 
lungs. A 2 inch lateral shift of the tube is 
used for stereoscopic roentgenograms of 
rabbits’ lungs. The length of exposure and 
the lateral shift of the tube are increased 
for the lungs of larger animals. 

The injection of iodized oil is made with 
the aid of the roentgenoscope. The lungs 
should be completely collapsed during the 
injection, both to inhibit the flow of oil 
into the alveoli and to reduce the capacity 
of the bronchi. A 2 c.c. syringe fitted with 
a 6 inch trocar is used for injecting the 
lungs of rabbits and smaller animals. In 
the case of the rabbit, the right eparterial 
bronchus is filled: first and then the two 
main bronchi are filled to a point just be- 
low the bifurcation, using from 0.5 to 0.75 
c.c. of oil. It is unnecessary to fill the 
eparterial bronchus separately in animals 
smaller than the rabbit. It is advanta- 
geous to use a catheter and fill the second- 
ary bronchi individually in animals larger 
than the rabbit. 

The technique employed for making 
roentgenograms of lungs, after the intra- 
tracheal injection of iodized oil, is essen- 
tially the same as that described above. It 
is important, however, to take the roent- 
genograms immediately after the oil has 
been injected; otherwise the oil will flow 
into the alveoli and partially or com- 
pletely obscure the outline of the bronchi. 
If roentgenograms of the collapsed lungs 
are desired these should be taken before 
the lungs are inflated, for, once inflated, they 
will not completely collapse again due to the 
valvular action of the oil in the bronchi. 

Stereoscopic roentgenograms of the lungs 
of rabbits are mounted side by side and 
viewed through an ordinary hand stereo- 
scope. 

RESULTS 

Plate I. Figures 1 and 2 are reproduc- 

tions of roentgenograms taken just before 
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and after excision of the lungs of a rabbit. 
They show wider distribution and sharper 
definition of the shadows in the roentgeno- 
gram of the excised lungs. The chest roent- 
genogram of another rabbit (Fig. 3) con- 
tains no abnormal shadows, but Figure 4 
of the excised lungs of this rabbit, taken 
fifteen minutes later, shows that abnormal 
shadows are present. Figure 5 shows an ill- 
defined circular shadow, but in Figure 6 
there are several sharply defined circular 
shadows. 

Plate IIT. These four reproductions of the 
roentgenograms of a rabbit’s lungs, taken 
after the intratracheal injection of iodized 
oil, illustrate the increase in length and 
caliber of the bronchi when the lungs are 
inflated. Figure 1: Lungs deflated. Figures 
2 and 3: Lungs inflated at pressures com- 
parable to the intrapleural pressures in- 
cident to expiration and inspiration. Fig- 
ure 4: Lungs over-inflated. 

Plate III, Figures 1 to 4 (inclusive) il- 
lustrate the valvular action of iodized oil 
in the bronchi. Figure 1: Lungs deflated; 
iodized oil filled the main bronchus of the 
right middle lobe. Figure 2, taken thirty 
seconds later: Lungs inflated. Figure 3, 
taken fifteen seconds after the lungs were 
allowed to deflate: The right middle lobe 
remained partially inflated at atmospheric 
pressure; the other lobes collapsed in a 
normal manner. In the interval which 
elapsed between the taking of Figures 3 
and 4, the main bronchi of the collapsed 
right upper and lower lobes were filled with 
oil and the lungs were inflated several 
times. Figure 4: The right lung failed to 
collapse at atmospheric pressure; the left 
lung collapsed in a normal manner. These 
figures demonstrate that air was trapped 
in the right lung by the valvular action of 
iodized oil in the bronchi. 

Figures 5 and 6 are reproductions of 
stereoscopic roentgenograms of the ex- 
cised lungs of a rabbit, taken after the in- 
tratracheal injection of iodized oil. They 
show the presence of dilated bronchi in the 
dependent portion of the left lung, a result 
of tuberculous disease. They have been re- 
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PLATE ll 


produced so that they can be viewed with 
a hand stereoscope. 
SUMMARY 
The negative pressure chamber offers 
the best means for the correlation of roent- 


genographic shadows and underlying pul- 
monary lesions. 

It is an invaluable aid in studies of the 
configuration of the bronchial tree in 
health and in disease. 
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RIGHT-SIDED DIAPHRAGMATIC HERNIA* 
WITH REPORT OF THREE CASES 
DABNEY KERR, M.D., and S. S. STEINBERG, 


IOWA CITY, 


By H. M.D. 


IOWA 


SINCE the classic work of Eppinger* 
in IgIt, several large case groups of 
diaphragmatic hernia have been reported. 
Until the past decade most of the material 
reported was by pathologists and less com- 
monly by surgeons. Ordinarily, the clinical 
diagnosis of hernia of the diaphragm was 
limited to the traumatic type; the true con- 
genital type was accidentally discovered at 
operation or was seen at necropsy. In the 
past decade, Pancoast and Boles," Aker- 
lund, Ohnell and Key,' Harrington,"Hed- 
blom,'? and others, have described series of 
cases based principally on the roentgeno- 
logic findings. It is significant that in all the 
case series, right-sided hernia is very un- 
common as compared with involvement of 
the left side. 

Eppinger, in his monograph on the dia- 
phragm in IgI1I, reported 635 cases of 
hernia of the diaphragm based on the fig- 
ures of v. Thoma, Locker, Grosser, Wolf, 
v. Grossnitz, B. Schmidt, and Iselin. Of 
this series, 55 cases—-about 9 per cent—1in- 
volved the right dome of the diaphragm. 


The pertinent statistics of his series are 
listed in the following tables: 
Left Right Total 
I. False hernias 
1. Congenital (proved) 218 30 
Traumatic 309 4 
Total §27 34 561 
Il. True hernias 
1. Congenital 30 6 
2. Acquired typical 
a. parasternal 10 9 
b. paraesophageal 6 5 
c. Foramen Bochdalecki 4 
d. Foramen N. 
sympatheticus I I 
3. Acquired atypical 2 
Total 53 21 74 
Total 580 55 635 


Organs involved: 


Stomach 161 Duodenum 35 
Colon 145 Pancreas 27 
Omentum 96 Cecum 20 
Small bowel 83 Kidney 2 
Liver 45 


James White,”” in reviewing 8,000 au- 
topsies at Johns Hopkins Hospital, found 
just one case of right- sided herniation. 
Breckoff,! in reviewing the German litera- 
ture, mentions only 2 previous cases and 
then adds his own case. Examination of 
case reports for the past ten years reveals 
24 direct references to right-sided hernia. 
Other cases are, no doubt, hidden away in 
large general series reports. It is important, 
however, to note that many of these cases 
do not represent the true congenital right- 
sided type, but are secondary to trauma, 
infection, or malignancy. 

The purpose of the present paper is to 
review the cases of diaphragmatic hernia 
at the State University of lowa Hospital 
and, more specifically, report 3 cases of 
true congenital right-sided lesions. Since 
1928 thirteen proved cases of hernia 
through the diaphragm have been found. 
Ten of these were on the left side. Of this 
group, 4 were definitely traumatic and one 
post-infectious. The 3 on the right side 
were all congenital. For convenience, we 
have arranged the cases in tabular form. 
(q.v.) 

Case summaries are given only on lesions 
of the right side. 


Case 1. Female, aged eight months, ad- 
mitted to University Hospital because of mal- 
nutrition. Child was delivered by Caesarean 
section of an eclamptic mother. Physical ex- 
amination showed heart displaced to the left; 
no other signs of hernia. Three days later the 
child became acutely ill, numerous rales were 
found in both bases. Roentgenograms of the 


*From the Department of Roentgenology, State University of Iowa, lowa City, lowa. 
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Left Side Roentgen Confirmation 
No. Age Organs Involved Studies Surgical Necropsy 
Congenital I 13 mo. Stomach and colon Yes Yes No 
2 2 mo. Stomach and colon Yes No No 
3 11 days Stomach and duodenum Yes Yes No 
4 46 yr. Colon Yes No No 
5 1 day Stomach, cecum, small in- 
testines and colon Yes No Yes 
A quired 
Traumatic 6 39 yr. Stomach and colon Yes Yes Yes 
Traumatic 7 24 yr. Stomach and colon Yes Yes No 
Traumatic 8 Sg yr. Stomach and colon No No Yes 
Traumatic 9 20 yr. Stomach and colon Yes No No 
Post-infectious Ic 47 yr. Stomach No No Yes 
Right Side 
Congenital I 8 mo. Colon Yes No No 
2 17 days Colon Yes No Yes 
3 g yr. Colon Yes No No 


chest showed herniation of the colon into the 
right hemithorax. The child died in spite of 
transfusion. No autopsy granted. 


Case 1. A seventeen day old baby boy 
brought to the University Hospital to ac- 
company mother who entered as a post-partum 
patient. The child was dyspneic and cyanotic 
on admission. Percussion was impaired at both 
bases and breath sounds were present only at 


the apices. Clinical diagnosis of right diphrag- 
matic hernia was confirmed by roentgen ex- 
amination and autopsy. 


Case 111. Female, aged nine, admitted to the 
Orthopedic Service with diagnosis of pes planus. 
Physical examination showed a thin, under- 
nourished, underdeveloped white girl not 
acutely ill. No lung findings. Heart margin 2 
cm. outside the left nipple line. Loud systolic 


Fic. 1a. Roentgenograms of new-born baby taken ante mortem showing a 
left-sided hernia of diaphragm. 
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Fic. 16, Abdominal and thoracic walls removed, re- Fic. 2. Case 1. Roentgenogram showing hernia of 
vealing a left-sided diaphragmatic hernia com- the colon into the right side of the chest. 
posed of stomach, small intestine and colon (same t 


case as Fig. 1a). 


Fic. 3a. Case 1. Roentgenogram showing seventeen Fic. 34. Case 1. Photograph of same case; abdominal 
day old baby with a right-sided hernia. Barium and thoracic walls removed revealing right-sided 
was given by mouth the previous day. diaphragmatic hernia. 
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murmur. Roentgenoscopic examination, plain 
films and films taken after motor meal and 
colon enema, showed a large loop of the colon 
anterior to the liver and herniated into the 
right pleural sac. 
DISCUSSION 

True congenital hernia of the dia- 
phragm is an uncommon condition and 
often the congenital type is not differenti- 
ated from the traumatic. Herniation in- 
volving the right dome is very rare and is 
probably congenital except in a few in- 
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plated. It is of particular importance in 
cases of compensation for injuries about 
the chest. In such instances, it is of value 
to know that a congenital hernia existed 
prior to the injury. 

We have presented the above 3 cases 
mainly for their academic interest. Case 111 
was especially interesting, primarily be- 
cause it was diagnosed purely by roentgen 
means, and secondarily because it shows 
how asymptomatic and devoid of physical 
findings this condition may be. 


Fic. 4. Case 11. Roentgenograms showing right-sided hernia in a nine year old girl. 


stances. In our search through the clinical 
and post-mortem records of the University 
Hospital, no cases secondary to trauma 
were found. Such cases are, however, re- 
ported by other authors. 

That this condition may exist without 
symptoms has been stressed by many 
writers. Since the advent of roentgenology 
of the chest, the ante-mortem diagnosis is 
readily, and often incidentally, made as in 
Case 11 of our series. Interest in this con- 
dition is more academic than practical as 
far as the physician is concerned except, of 


course, when thoracentesis is contem- 


SUMMARY 


1. Thirteen cases of diaphragmatic her- 
nia are reported from the records of the 
State University of lowa Hospital. 

2. Three new cases of right-sided true 
congenital hernia are recorded and illus- 
trated. 
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THE LOWER LUNG LINE* 


By EPHRAIM KOROL, M.D. 


Veterans’ Administration 
LINCOLN, NEBRASKA 


O* FILMS made during the examina- 
tion of the gallbladder region there 
generally appears a line running _hori- 
zontally from the outer chest wall toward 
the first lumbar vertebra some 3 
centimeters below the dome of the dia- 
phragm. This line represents the lower 
pleural fold, i.e., the line of reflexion of the 
parietal pleura from the posterior chest 
wall to the diaphragm. We shall refer to 


Fic. 1. The lower lung line shown bilaterally in a 
case of visceroptosis. The lines are deeply concave 
downward and descend to the level of the second 
lumbar intervertebral disc. The lipiodol in the left 
bronchi cannot gravitate below the lung line. 


this line as the lower lung line, although, 
strictly speaking, the lung is but indirectly 
concerned in the production of this line. 
On films made during examinations of the 
stomach the lower lung line shows on the 
left side; on films of the transverse colon 
the lower lung line may show on both sides 
(Fig. 1). 

This line, though conspicuous and im- 
portant from a diagnostic standpoint, has 
curiously attracted very little attention on 
the part of the profession. | am not aware 
of any reference to it in the American or 
English roentgenologic literature, and I 
find but three references to it in the foreign 
literature. 


opinions expressed or conclusions drawn by the author. 


to 


REVIEW OF THE LITERATURE 

Lenarduzzi described this line in 1931. 
He attributed it to a pathological thicken- 
ing of the diaphragmatic pleura. The cases 
that he studied often gave a history of 
previous attacks of pleurisy, and the illus- 
trations in his paper indicate that he was 
dealing with, or selected for illustration, 
cases of fibrous pleurisy: the lower lung 
line appears thickened, distorted, and re- 
tracted upward. Lenarduzzi observed that 
this line may be the only evidence of an 
abnormal lung process and it escapes de- 
tection on the routine chest films. In order 
to visualize this supposedly abnormal line 
he advised that the exposure be made in the 
prone position with dorsoventral pro- 
jection, in inspiratory apnea, the tube 
centered about the last rib. 

Ottonello (1932) was interested in the 
examination of the subdiaphragmatic por- 
tion of the lung, i.e., the lower part of the 
lung which is generally obscured by the 
dome of the diaphragm on routine chest 
roentgenograms. On cholecystograms this 
lung region is oval in shape with its long 
axis horizontal, and is bounded above by 
the dome of the diaphragm and below by 
a curved line, concave upward, which be- 
gins at the lateral chest wall as the floor of 
the costophrenic sulcus and ends medially 
near the first lumbar vertebra; here the line 
turns upward and runs in a vertical direc- 
tion for the space of several vertebrae. On 
the basis of anatomic data Ottonello 
identified the horizontal portion of this 
line as the normal posterior costophrenic 
sinus (our lower lung line) and its vertical 
segment as the posterior costomediastinal 
sinus. Ottonello finds that an examination 
of the subdiaphragmatic lung regions often 
discloses lung pathology (namely, circum- 
scribed opacities, bronchiectasis, calcifica- 
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tions) which unrecognized on 
routinely prepared chest roentgenograms. 

Peltason and Neumann (1933) also 
recognized that the horizontal line crossing 
the liver shadow on the cholecystogram is 
the expression of the normal costophrenic 
pleural fold. The position and appearance 
of this line varies with the build of the 
individual and with the phase of respira- 
tion. In the sthenic individual the line 
seems stretched and is placed high (Fig. 2); 
in the asthenic, the line is concave down- 
ward and may reach as low as the second 
lumbar vertebra (Fig. 1). The line appears 
denser in the thin and emaciated. In the 
right oblique position it may be followed 
into the posterior mediastinum. 

Peltason and Neumann knew that the 
lower lung line represents the posterior 
costophrenic fold, but found it difficult to 
explain why the fold should be visualized 
only in the posteroanterior projection; it 
would naturally be expected to show best 
in the anteroposterior projection, with the 
object nearest the film. They concluded 
that in the prone position the posterior 
pleural sulcus is inflated, and in this posi- 
tion visualization of the pleural fold is 
facilitated by the contrast which the in- 
flated lung makes with the liver shadow. 


may go 


RESULTS OF PERSONAL OBSERVATIONS 


Physical examination by means of per- 
cussion shows that in the prone position 
the base of the lower lobe is inflated much 
more than in the erect or supine position. 
The inflation of the lung base in the prone 
position is favored by the shifting of the 
liver and of the other abdominal viscera 
forward, which is particularly marked in 
cases of visceroptosis. In this position, in 
deep inspiration, the posterior pleural re- 
flection comes to be U -shaped, while it is 
rather V-shaped in the supine position. In 
ventral recumbency the ray passing 
through the pleural fold will encounter 
more pleural tissue (the base of U being 
broader than that of V); for this reason the 
pleural fold is more likely to cast a shadow 
in the prone position. 


The Lower Lung Line 
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In cases in which the lung base is other- 
wise hyperinflated, as in emphysema and 
in visceroptosis, the lower lung line may 
be demonstrated also in anteroposterior 
projection; in the posteroanterior projec- 
tion both the anterior and posterior pleural 
folds may be brought into view in these 
cases (Fig. 2). In cases of emphysema and 
visceroptosis the lower lung line often 
registers on the routine chest roentgeno- 
gram taken in the erect position without 


Fic. 2. Both the posterior (aa) and the anterior (4) 
lower lung line demonstrated in the cholecysto- 
gram in a case of emphysema. The posterior line 
can be traced to the posterior costomediastinal 
sinus; the anterior line runs toward the pericar- 
dium. 


the use of the Potter-Bucky diaphragm 
(Fig. 3). 

If lipiodol is injected into the lung base 
through a catheter inserted into the lower 
lobe bronchus, the distal alveoli are often 
distended with lipiodol gravitating into 
them; the chest roentgenogram then shows 
the lower lung margin to correspond in 
form and position with the lower lung line 
as it generally shows on the gallbladder 
films (Fig. 3). 

I wish to emphasize that the lower lung 
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Fic. 3. On the right side the basal alveoli are filled 
with lipiodol outlining the lower lung line. On the 
left side the lower lung line is also registered. Case 
of emphysema and bronchiectasis. 


line owes its radiability not to the inflated 
lung, but to the pleural fold which is dis- 
tended and rounded by the inflated lung. 
In cases of pneumothorax, though the lung 
is collapsed, the pleural fold is also dis- 
tended and becomes visible in all postures 
and projections. During roentgenoscopic 
examination in the erect position, the line 
resembles a small collection of fluid with 
a horizontal upper level. I often misinter- 
preted this line as a small hydropneumo- 
thorax. When the patient leans over to one 
side, there is no change of level, and on 
inspiration the line recedes toward the 
abdomen; in hydropneumothorax there is 
a change of level with changes in posture, 
and in inspiration the fluid rises into the 
chest (Kienbéck’s phenomenon). 

In basal lesions, associated with bronchi- 
ectasis, unresolved pneumonia, etc., there 
often occurs compensatory emphysema of 
the upper lobe. The anterior complemental 
space may be fully distended in these cases 
so that the anterior pleural fold casts a 
shadow in the form of a horizontal line 


DECEMBER, 1935 


crossing the dome of the diaphragm at the 
level of the twelfth rib (Fig. 4). 
SUMMARY 


In films of the upper abdomen there may 
be seen a horizontal line running from the 
lateral chest wall toward the first lumbar 
vertebra on each side. This line, referred to 
as the lower lung line, represents the lower 
posterior pleural boundary, i.e., the fold 
of parietal pleura reflected from the pos- 
terior chest wall onto.the diaphragm. This 
line may be followed into its junction with 
the line representing the posterior medi- 
astinal pleural fold. 

Occasionally the lower anterior pleural 
fold may also appear as a horizontal line 
at a slightly higher level than the posterior 
lung line. The anterior line has been seen 
only in cases of emphysema; it can be 
traced on the film into the pericardio- 
pleural fold. 

In cases of emphysema and _ viscerop- 
tosis, also in cases of pneumothorax, the 
lower lung lines often appear in the chest 
roentgenograms as horizontal lines cross- 


Fic. 4. The lower anterior lung line shows on chest 
teleroentgenogram, due to retraction of lower lobe 
and compensatory emphysema of middle lobe. 
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ing the twelfth rib a short distance below 
the dome of the diaphragm which is 
flattened and placed low in these cases. 

In cases of atelectasis or fibrosis of one 
lobe with compensatory emphysema of the 
healthy lobes, the lower lung line often 
shows on the routine chest roentgenogram 
due to ballooning of the pleural fold by the 
emphysematous lung. 


Lung Line 743 
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INTESTINAL OBSTRUCTION* 


By L. R. 


SANTE, M.D. 


ST. LOUIS, MISSOURI 


N PERHAPS no other phase of gastro- 

intestinal practice is the clinician more 
dependent upon roentgen examination 
than in intestinal obstruction; and in no 
other phase, at least from the clinician’s 
standpoint, is diagnosis by this means 
more dependable. The extreme importance 
of the subject has prompted this study in 
an effort to determine the degree of accu- 
racy of the diagnosis in view of subsequent 
operative or post-mortem findings. From 
a practical standpoint, the roentgen- 
ologist is presented with a patient having 
acute abdominal symptoms and is re- 
quired to determine the nature and extent 
of the pathology. Clinically, the location 
or even the existence of obstruction may 
be in doubt so that obstructive lesions of 
both the small and large bowel have been 
included. This study is based upon 287 
cases of intestinal obstruction of all types 
which occurred at St. Mary’s Hospital and 
St. Louis City Hospital during the past 
five years. No detailed statistical analysis 
was attempted; the roentgen findings were 
merely reviewed in the light of subsequent 
operative and autopsy findings. 

In any given case, especially where the 
obstruction is acute, the examination will 
very likely take on the aspect of a rather 
intimate consultation so that the roentgen- 
ologist should be well versed in the symp- 
tomatology and etiology of the condition. 
Among the most prominent symptoms 
were obstinate constipation and vomiting. 
These symptoms were invariably present, 
although they were not always sufficiently 
evident at the onset to justify a diagnosis 
of obstruction. In complete small intestinal 
obstruction vomiting may be the most 
prominent symptom, and the constipation 
may be entirely overlooked; whereas, in 
complete large intestinal obstruction, ob- 
stinate constipation may be the outstand- 


ing symptom and vomiting may not de- 
velop until much later. If the vomiting is 
fecal, this is, of course, an absolute indica- 
tion of obstruction. Intermittent colicky 
pains are usually a feature of acute small in- 
testinal obstruction, although later on, after 
the patient becomes extremely toxic, all 
manifestations of pain may cease and the 
patient may even experience a feeling of 
well being. Gaseous distention is present 
also, but it remains for the roentgen ex- 
amination to determine its character and 
location. If the peristalsis is visible 
through the abdominal wall, as it occasion- 
ally is in very thin individuals, it is addi- 
tional evidence of existence of obstruction. 

A consideration of etiological factors 
which were most frequently concerned in 
its production may be of interest. The most 
common cause of small bowel obstruction 
was abdominal adhesions, postoperative, 
inflammatory sometimes accompanied by 
exudation. Peritoneal veils and constricting 
membranes provided only a small percent- 
age of the cases. Primary malignancy 
was extremely rare, although secondary 
growths were responsible for obstruction 
in a number of instances. Strangulated 
hernia provided a goodly number of cases; 
under such circumstances the diagnosis is 
so self-evident that the patient is rarely 
sent for roentgen examination. 

The examination cannot be in any sense 
routine, since each case presents different 
aspects which call for different methods of 
procedure. It has been our custom, how- 
ever, always to begin with a flat film ex- 
amination of the entire abdomen, using 
rapid technique, in an effort to disclose 
any gas-filled intestinal loops. This in it- 
self may be sufficient to determine the 
diagnosis. If there is any doubt about the 
identity of the loops of the bowel, a barium 
enema is given. If the evidence from neither 


* From the Radiology Department of St. Mary’s Hospital and St. Louis City Hospital. Read at the Thirty-fifth Annual Meeting, 
American Roentgen Ray Society, Pittsburgh, Pa., Sept. 25-28, 1934. 
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of these procedures is conclusive, a barium 
sulphate mixture is given by mouth and its 
course followed through the _ intestinal 
tract. We never hesitate to give small 
quantities of barium sulphate, 2 or 3 
ounces of the mixture, by mouth even in 
patients with complete obstruction; larger 
quantities are inadvisable, since they may 
produce intestinal masses which interfere 
with subsequent operative procedure. 

In large intestinal obstruction the pic- 
ture is not so characteristic, nor the diag- 
nosis so conclusive from flat film examina- 
tion. Gas-distended portions of the bowel 
or fecal impactions may lead to suspicion of 
obstruction, but this must be verified by 
barium enema examination. Where the 
obstruction is complete, barium enema 
serves as a simple direct method of demon- 
strating the pathology. 

Regardless of the cause, the roentgen 
findings of intestinal obstruction are the 
same. The classical signs of obstruction 
still remain the same as described by Case 
in 1915. In complete small intestinal ob- 


Fic. 1. Acute small bowel obstruction from adhesions 
produced by appendicitis. Note the typical 
“herring-bone” appearance of the dilated small 
bowel, 


Intestinal Obstruction 


Fic. 2. Note fluid levels in gas-distended small bowel 
from intestinal obstruction associated with appen- 
dicitis. 


struction there is gaseous dilatation of the 
proximal intestinal loops with the develop- 
ment of the “‘herring-bone” or “ladder” 
pattern characteristic of the condition 
(Fig. 1). Examination of the patient in the 
lateral, transabdominal position, lying on 
the back and rays directed horizontally 
through abdomen, or better still, if the 
condition of the patient permits, in the 
upright position, may show numerous 
fluid levels in the gas-filled pockets of the 
small bowel (Fig. 2). If the smallest open- 
ing remains, these signs do not develop 
with complete occlusion; however, gas 
rapidly collects in the proximal loops. Just 
where this gas comes from is a matter 
which has not been fully settled by physi- 
ologists (Alvarez). Normally only a small 
amount of the gas in the small intestine 
comes from fermentation or bacterial ac- 
tion; peristalsis is too active to permit its 
accumulation in any location. Likewise 
only a small amount can be accounted for 
by ingestion with food. That there is a 
physiological gaseous interchange in the 
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Fic. 3. Gas-distended loops of small bowel some- 
times occur during ureteral colic—probably as a 
reflex caused from extreme pain. 


intestines by way of the circulating blood 
has been amply proved. It has likewise 
been shown experimentally that retarda- 
tion of the circulation to the intestines is 
accompanied by gaseous dilatation even 
though no actual mechanical obstruction 
is present. It might seem logical therefore 
that with actual obstruction, the inability 
of the intestines to pass their content along 
results in stagnation, fermentation or even 
putrefaction. This in turn results in dis- 
tention of the bowel and retardation of the 
circulation, and a vicious circle is estab- 
lished. Still, in cases of congenital atresia 
of the bowel in the new-born infant, gas 
develops in the bowel even though no food 
is ever taken. The sudden appearance of 
gas-filled loops of the small bowel in associ- 
ation with ureteral colic, which sometimes 
is observed, suggests the possible influence 
of the sympathetic nervous system in gas 
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formation by its influence on the circula- 
tion (Fig. 3). 

The acute development of gas in the in- 
testines in shock (Fig. 4) is another mani- 
festation of influence of the sympathetic 
nervous system, probably acting through 
the retarded circulation. Dénovan has re- 
corded a case of paralytic ileus complicat- 
ing myocardial infarct. 

In large intestinal obstruction, gas also 
accumulates in the proximal loop. Here its 
presence is not so indicative of pathology, 
since gas is more frequently found in this 
location under normal conditions. If it is 
accompanied by unusual increase in caliber 
of this portion of the bowel or if it is as- 
sociated with fecal impaction, it should be 
investigated for a_ possible obstructive 
lesion. Feces impacted behind an organic 
stricture of the bowel may convert an in- 
complete into a complete obstruction. All 


Fic. 4. Paralytic ileus is a common complication of 
shock. Traumatic rupture of a kidney with hemor- 
rhage into the peritoneal cavity resulting in 
paralytic ileus. Note gas-distended loop of bowel, 
involving not only small bowel, but rectum as well. 
This is a differential point in the diagnosis of 
paralytic ileus. 
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such secondary signs should be carefully 
considered, especially since the symptoms 
and evidence of toxicity are never so acute 
in large bowel obstruction. 

Of the unusual causes of small bowel 
obstruction in this series, 10 were due to 
volvulus. One of these was an extraor- 
dinary case, having acute small bowel 
obstruction the first time which was re- 
lieved by operation. Several months later 
the patient was again seized with abdom- 
inal pain and vomiting and re-entered 
the hospital. Abdominal examination at 
this time failed to disclose any evidence of 
obstruction, but there was a small amount 
of gas free in the abdomen, indicating rup- 
ture of a hollow viscus. Operation revealed 
volvulus with gangrene and rupture of the 
loop. This case was of interest from the 


Fic. 5. Acute intussusception in a young child 
showing gas-distended loops of bowel on the 
proximal side of obstruction and collapsed bowel 
below. Rectum does not contain gas. This is a 
differential point in diagnosis of simple intestinal 
obstruction, 


Intestinal Obstruction 


Fic. 6. Intussusception with barium enema showing 
outline of advancing “caput” of small bowel. 


roentgen standpoint insofar as _ volvu- 
lus was actually present, but there were 
no characteristic gas-distended intestinal 
loops. 

There were 18 cases in which small 
bowel obstruction was due to intussuscep- 
tion (Figs. 5 and 6). One of these was of 
extreme interest in that the primary cause 
of the intussusception was due to a Meckel’s 
diverticulum. Flat film examination of the 
abdomen revealed the characteristic pic- 
ture of obstruction, but this seemed to be 
near the umbilicus, a fact which was readily 
explained when the Meckel’s diverticulum 
was found. Similar cases have been re- 
corded (Harrenstein). 

In 4 cases obstruction occurred from an 
impacted gallstone (Fig. 7) which had 
eroded through the gallbladder and passed 
through into the small bowel; 3 passed on 
to the ileocecal valve; 1 lodged in the 
duodenum and caused obstruction. In no 
other instance was mechanical obstruction 
caused by a foreign body in this series 
although other unusual causes have been 
recorded. Quattrecchi describes occlusion 
and gangrene of the gut from ascariasis, 
and Calevaert describes intestinal obstruc- 
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Fig. 7. Complete small bowel obstruction from im- 
pacted gallstone at the ileocecal valve. Barium in 
small intestine was ingested; the colon was filled 
by barium enema. 


tion in the Belgian Congo from eating 
grasshoppers. Vialle has described an un- 
usual case where débris of an extrauterine 
fetus was found in two loops of small in- 
testine; one of our cases was complicated 
by vaginal hernia from attempted abortion, 
but the tiny fetus was not contained in the 
sac. In one of our patients intestinal ob- 
struction followed a ventral fixation opera- 
tion. Searle has described a similar case 
which terminated fatally. 

Many cases of intestinal obstruction 
from pressure of large abdominal and pel- 
vic masses have been described (Bordeianu, 
Fitzgerald, Randall), but, with two ex- 
ceptions, all such cases which occurred in 
our series were from secondary growths. 
One of these produced by a fibroid caused 
very acute and toxic symptoms. 

In complete large bowel obstruction, 
postoperative adhesions, veils and mem- 
branes played only a minor part, primary 
malignancy being the most prominent 
cause. Among these cases there were a 
number of unusual interest. There was one 
instance in a elderly woman in which 
obstruction occurred from a constricting 
band at the rectosigmoid juncture, caused, 
no doubt, by an operation over twenty 
years before. Periods of constipation had 
finally developed into a complete ob- 
struction owing to fecal impaction, re- 
sulting in enormous distention of the en- 


L. R. Sante 


DECEMBER, 1935 


tire large bowel, especially the descending 
colon. Another similar case, also in an 
elderly woman, gave an identical roentgen 
picture from volvulus of a sigmoid loop 
of colon—no cause could be found at opera- 
tion for the twisting of the bowel (Figs. 8 
and 9). 

Another rather unusual occurrence was 
one in which obstruction developed in a 
megacolon after sympathectomy, from 
collapse of the gut. The patient, a young 
girl who had reached the early twenties in 
spite of the handicap produced by this 
enormous enlargement of the bowel, in- 
sisted upon operative procedure to try to 
rid herself of this condition. Sympathec- 
tomy was performed without success, the 
coils of gut, flopping inertly over upon 
themselves, produced obstruction from 
which the patient ultimately succumbed 
(Carayannopoulos). 

In one unusual case, large bowel ob- 


Fic. 8. Volvulus of unknown cause occurring at the 
rectosigmoid juncture. Note enormous dilatation 
of the proximal loop of colon and the complete 
obstruction to the passage of barium enema. 
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struction from carcinoma of the transverse 
colon, rendered complete by fecal impac- 
tion, was accompanied in the roentgeno- 
gram by gaseous dilatation of a small in- 
testinal loop near the site of the carcinoma 
of the colon. This led to the assumption 
that the small bowel was implicated in the 
malignant growth. The patient was very 
toxic and was distinctly in shock. The 
acute symptoms indicated that small 
bowel obstruction was the cause of the ex- 
treme shock. Relief of the fecal impaction 
by enemas resulted in so much relief to the 
patient that operation was deferred for 
several days in order to give the patient an 
opportunity to recuperate. The distended 
loop of small bowel also disappeared from 
the picture and at operation no small 
bowel involvement was found. The dis- 
tended loop of small bowel was undoubt- 
edly due to complicating ileus from extreme 
shock. 

In two remarkable cases in this series 
large bowel obstruction from carcinoma of 


Fic. 9. Same case as Figure 8 after expulsion of 
enema, disclosing no evidence of growth. Opera- 
tion showed volvulus. 
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Fic. 10. Paralytic ileus with suppurative appendicitis 
and peritonitis. Note gas-distended loops of bowel, 
involving rectum as well as large bowel. Also the 
exudate pushing gas-filled intestinal loops away 
from abdominal wall. 


the transverse colon was complicated by 
extension of the malignant process through 
the diaphragm into the lung with forma- 
tion of fecal abscess of the lung and bron- 
chial fistula. 

To the surgeon or clinician the points of 
prime importance are: (1) the establish- 
ment of the fact that an obstruction is 
present and that the meteorism is not due 
to paralytic ileus; (2) its localization to a 
specific portion of the small or large bowel 
as nearly as possible; (3) the determination 
of the cause of the obstruction if possible, 
and (4) the detection of any complicating 
conditions which may tend to throw light 
on the etiology or govern the method of 
treatment. Usually the differentiation be- 
tween small intestinal obstruction and para- 
lytic ileus should be readily made from a cor- 
relation of the history and symptoms with 
the roentgen findings. At times, however, 
the differentiation between the two condi- 
tions becomes quite difficult. For purposes 
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of comparison, 20 cases in which paralytic 
ileus was the primary factor in the disease 
are included in this study. In intestinal 
obstruction there is an impediment to the 
normal passage of material through the 
bowel which results in paroxysms of hyper- 
peristalsis in an effort to push it through, 
as evidenced by the colicky pains. There 
should therefore be no gas or fecal material 
in the distal portion of the bowel or colon and 
the rectum should be collapsed (¥ ig. 5). 

In paralytic ileus, on the other hand, 
there is no mechanical occlusion to the 


Fic. 11. Note accentuated appearance of the valvu- 
lae conniventes in obstruction of the jejunum. 


passage of material, merely a lack of pro- 
pulsive force to push material through; the 
bowel lies distended with gas unable to 
pass its contents along owing to paralysis. 
In this instance there is no definite localiza- 
tion of the lesion, gas is present throughout 
the bowel, and the rectum should be dilated 
equally as much as the remainder of the 
bowel (Fig. 10). 

In our series the greatest difficulty was 
found in differentiation between these two 
conditions in older individuals—fecal im- 
pactions, or inanition from various other 
toxic conditions or old age, giving rise to 


L. R. Sante 


DECEMBER, 1935 


meteorism which could not be differenti- 
ated from obstruction low down in the 
intestinal tract. 

The accurate localization of the site of 
obstruction in the small bowel is very dif- 
ficult; if the gaseous dilated bowel 1s in the 
lower portion of the abdomen the obstruc- 
tion may be assumed to be in the terminal 
portion of the ileum; if it is in the upper 
portion of the abdomen the obstruction is 
probably in the jejunum. Swenson and 
Hibbard have pointed out the different 
characteristics of the small bowel in the 
regions of the jejunum and ileum and have 
applied this in cases of intestinal obstruc- 
tion to determine the location of the ob- 
struction. The jejunum shows more clearly 
the transverse striations produced by the 
valvulae conniventes, whereas the ileum is 
smoother in appearance; the transition is 
rather abrupt. Looking back over our cases 
it would seem that this difference in ap- 
pearance may be used to great advantage 
for this purpose (Fig. 11). 

In our series the obstruction was (with 
but few exceptions where previous opera- 
tive scar or other inflammatory disease 
was the cause) in the terminal portion of 
the ileum. In the large bowel it could of 
course be localized with great accuracy. 

The exact cause of the obstruction can- 
not usually be determined with any degree 
of accuracy from the roentgenographic 
examination. Occasionally, however, the 
coexistence of a large abdominal or pelvic 
tumor, or the accumulation of a localized 
exudate may suggest the cause. Rarely a 
large stone, previously detected in the gall- 
bladder, may erode through the gallbladder 
into the intestine and disappear from this 
position only to become impacted at a new 
location near the ileocecal valve, causing 
obstruction of the small bowel, such as 
those previously mentioned. Such condi- 
tions are unusual, however, and represent 
only a small percentage of che cases. 

In recent years a great deal more infor- 
mation has been made available by closer 
attention to other details of the examina- 
tion. Laurell has pointed out that, in the 
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beginning, the accumulation of abdominal 
fluid is manifested roentgenographically 
by the development of a homogeneous 
shadow in the flank, which displaces the 
intestines medially. The subperitoneal 
layer as well as the fat spaces between the 
transversalis and internal and external 
oblique muscles show clearly as areas of 
greater radiolucency than the muscles 
themselves. With the development of ab- 
dominal effusion the density of the medium 
surrounding the intestines is increased, the 
peritoneal sac buldges outward but the 
clear subperitoneal area is pushed ahead 
of it, but not invaded or obliterated. The 
invasion or obliteration of this space is 
indication of inflammation and exudation 
into the abdominal wall. This is a similar 
process to that seen in the obliteration of 
the shadow of the psoas muscles by infil- 
trating perinephric abscess. 

Laurell has been able, by applying these 
signs in cases of ileus, to determine whether 
or not there is associated fluid, either in 
the gas-distended intestine or in the peri- 
toneal cavity, and whether this fluid is 
free or is a localized exudate. Since peri- 
tonitis with exudation is a common cause 
of paralytic ileus, its presence would be a 
factor in the differentiation between par- 
alytic ileus and uncomplicated intestinal 
obstruction. Graberger has been able by 
this method to diagnose a collection of 
bloody fluid in the abdomen following an 
operation and later to demonstrate its 
secondary infection. Arnell and Wester- 
born have applied the method to the diag- 
nosis of appendiceal abscess and other 
localized exudates in the abdomen with or 
without ileus (Fig. 12). 

Laurell has shown by transabdominal 
views—the patient lying on the back and 
the rays directed horizontally from side to 
side—marked variation in the picture in 
patients suffering from simple meteorism 
and those in whom there is associated 
exudation. If there is no associated effusion, 
the coils of gas-filled intestine show well- 
defined walls and are close together; if 
exudation is present, it can be seen pushing 
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its way between the intestinal coils and 
producing its impression upon them. By 
this means it has been possible to give the 
surgeon much more accurate information 
as to the condition present and to facilitate 
his approach to the pathological lesion. In 
our hands, the demonstration of the oblit- 
eration of the muscular layers in the flanks 
has often been very difficult and its signifi- 
cance uncertain; when unmistakably pres- 
ent it is helpful. We have found ‘it most 
satisfactory to make abdominal films 
cross-wise of the abdomen so as to include 
the flanks and to make at least one film of 
rather light exposure. 


Fic. 12. Appendiceal abscess extending down into 
pelvis; localized exudate well outlined by gas-filled 
intestinal loops. Noactual obstruction was present, 
gas distention was due to paralytic ileus from 
associated peritonitis. 

The problem of partial intestinal ob- 
struction still remains. It is partial obstruc- 
tion of the small bowel which gives us the 
greatest difficulty. In partial obstruction 
there are no gas-dilated loops of bowel to 
direct our attention to the true pathology 
unless intermittently complete obstruction 
occurs. Occasionally gas may collect in the 
small intestines with partial obstruction, 
but there is never the extreme distention 
which gives rise to the characteristic pic- 
ture of bowel obstruction. The only means 
by which we can detect the partial obstruc- 
tion is by the retardation of flow of intes- 
tinal contents through this region of the 
gut. To accomplish this, it has been our 
habit to follow the barium meal through 
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the intestinal tract, making examinations 
every one or two hours until the barium 
has passed completely through the small 
bowel. The detection of malformed small 
intestinal loops, constant at all examina- 
tions in any location, has been the basis for 
the diagnosis of partial obstruction. By 
this method incarceration of intestinal 
loops in hernias can be shown, partial ob- 
struction from postoperative adhesions or 
peritoneal folds, tuberculous peritonitis, or 
localized exudates, tumors, etc. In two of 
our patients regional ileitis was present in- 
volving the terminal ileum. The roentgen 
findings were not distinctive. The condition 
may occur anywhere in the gastrointestinal 
tract, and is not confined to the terminal 
ileum (Homans and Haas). Experience has 
taught us to proceed with great caution be- 
fore making a diagnosis of partial obstruc- 
tion. 

Partial obstruction of the large bowel 
from carcinoma formed the greatest bulk 
of large bowel pathology. The symptoms 
produced by new growth usually occur 
sufficiently early to bring the patient for 
examination before complete obstruction 
has occurred. Unusual causes of partial 
obstruction are pelvic cellulitis, herniation, 
postoperative adhesions, peritoneal veils 
and membranes, mechanical constriction 
from trauma, radium therapy or lues, 
volvulus and megacolon. 

It has been our custom on examination 
of the colon to make repeated exposures at 
various stages during introduction of the 
barium enema, to drain the large bowel by 
siphoning back the enema after complete 
filling and to follow this with air injection 
in all cases in which there is any suspicion 
of pathological lesions projecting into its 
lumen. Repeated re-examination in doubt- 
ful cases to determine the constancy of the 
lesion is the greatest single factor in making 
consistently correct diagnoses. I feel sure 
that it has been the experience of all roent- 
genologists that at times the detection of 
such lesions of the large bowel requires the 
greatest alertness and taxes the utmost 
skill of the operator. 
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DISCUSSION 

Dr. James T. Case, Chicago Ill. Dr. Sante is 
to be complimented on a very instructive and 
complete presentation of an interesting subject. 
I doubt if anyone could present a more conclu- 
sive and varied assortment of illustrative cases. 
I have been very much interested in acute in- 
testinal obstruction ever since 1911, when I 
showed my first case in the scientific exhibit of 
this Society, and since which date I have writ- 
ten on the subject somewhat. Most of my work 
has dealt with acute postoperative or immedi- 
ately postoperative conditions. I felt sure that 
lives could be saved if a roentgen examination, 
such as has been so beautifully exemplified here 
today, could be applied to cases still in the 
hospital immediately following operation or 
shortly following operation where acute post- 
operative accidents sometimes take lives that 
could be saved by early recognition of the facts. 

I recall very well one instance in which a 
chronic intestinal obstruction with intermit- 
tent acute phases was overlooked at the first 
roentgen examination because the lesion at 
that moment happened to be quiescent, not 
causing acute symptoms. She had suffered 


Intestinal Obstruction 753 


many operations, mostly for the relief of adhe- 
sions, and still continued to suffer from acute 
attacks. In an interim between attacks, I found 
on examination absolutely normal behavior of 
the small intestine, although we knew she had 
many adhesions and were seeking to demon- 
strate them. Two weeks to a day from that 
roentgen examination, at which we found 
nothing abnormal, she suffered an attack of 
acute obstruction and then the characteristic 
roentgen signs of acute obstruction were beauti- 
fully disclosed, as have been shown here. Pa- 
tients giving a history of intermittent attacks 
should be examined, if possible, during one of 
the attacks. 

As stated by the essayist, the main value of 
the roentgen study in these cases is to present 
proof of the fact of obstruction. The question 
of localization comes next, but is not so easily 
accomplished as the demonstration of the fact. 

I was interested in the remarks regarding the 
differentiation of paralytic and mechanical 
ileus. Every case of mechanical ileus, if neg- 
lected and not operated upon, sooner or later 
becomes paralytic and, of course, the prognosis 
becomes worse. However, the presence or ab- 
sence of intermittent, recurrent cramping pains 
will aid in the differentiation. Stethoscopic 
study of the abdomen will help; gurgling sounds 
indicating active peristalsis assists in differen- 
tiating mechanical from paralytic ileus. 

As I have often declared and as again stated 
by the author in his thorough presentation, the 
diagnosis of ileus can often be made by the 
appearance of the gas collections in the abdo- 
men; it is frequently not necessary to ad- 
minister opaque material. However, I have 
never hesitated to give opaque materials if 
there was time afforded; that is, if delays 
occurred which I could not control and a few 
hours were allowed to elapse before final deci- 
sions were made, I always felt justified in 
administering an ounce of barium sulphate in a 
glucose-water suspension. 

In these later years, we have an answer to the 
objection that anyone might raise to the giving 
of opaque substance, and although I have never 
seen any harm from the use of barium sulphate 
in small quantity given in glucose water, it is 
now possible to use umbrathor, an aqueous 
solution of thorium dioxide which serves the 
purpose very well and cannot possibly cause an 
impaction. 

In some cases, time may be saved by giving 
a barium enema immediately in order to rule 
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out the colon as the seat of obstruction. In 
doing this, I have always followed the technique 
which I described to this Society twenty years 
ago, in which we make roentgen films of the 
patient on the fluoroscope as the opaque column 
is ascending, turning the patient in the most 
appropriate position to bring out the intestinal 
loops so that by making several exposures, 
every inch of the colon can be seen and re- 
corded. This means that the sigmoid must be 
studied, usually in the left oblique, occasionally 
in the right oblique position, and the various 
other loops in the most favorable angle. 

If the author mentioned carcinoma of the 
small bowel, I didn’t hear it. Carcinoma of the 
small bowel should have been seen at least a 
few times in such a long series. I would like to 
know whether he was able to make the definite 
diagnosis of primary jejunal or ileal carcinoma. 
I personally have rarely been able to do it. Ina 
number of cases I have surmised the diagnosis 
because of lack of previous operations or his- 
tory of obstruction, lack of pelvic findings, etc., 
and the presence of acute obstruction; but | 
have never been able to definitely diagnose 
carcinoma of the small intestine except in loops 
high up in the jejunum. I have seen several 
cases there with a characteristic filling defect 
in one of the jejunal loops which enabled us to 
recognize primary carcinoma. 
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Dr. Sante (closing). The point made by 
Dr. Case about neglected mechanical ileus be- 
coming complicated by paralytic ileus is cer- 
tainly one to bear in mind in evaluating the 
accuracy of this diagnostic procedure. Even 
with the surgeon’s operative findings before 
one, it is often difficult to reconcile these with 
the roentgenographic findings with any degree 
of consistency. Mechanical ileus, in the presence 
of subsequent peritonitis, may be complicated 
by paralytic ileus; and conversely, paralytic 
ileus may, by folding of the enormously dilated 
bowel, develop an actual mechanical obstruc- 
tion as well. In such instances, the peritonitis 
and paralytic ileus may so engage the surgeon’s 
attention that he may actually overlook the 
fact that he is also dealing with an actual 
mechanical obstruction, and vice versa. 

It is therefore necessary for the roentgen- 
ologist, in order to evaluate his findings, to 
choose only the uncomplicated cases in which 
no complication existed and in which the 
pathological condition was clearly demon- 
strated, in order to obtain a “‘yard-stick”’ for 
diagnosis of the others. 

We had no case of primary carcinoma of the 
small bowel in this series—only one in the past 


eight years; this presented no unusual features 
from ordinary obstruction and the diagnosis of 
course was impossible. 
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A BRIEF CONSIDERATION OF SARCOMA 
OF THE STOMACH* 
REPORT OF A CASE OF PRIMARY LYMPHOSARCOMA 
By ROBERT DRANE, M.D. 


SAVANNAH, GEORGIA 


~ARCOMA of the stomach is a rela- 

tively rare disease. Ewing states that 
its ratio to carcinoma of that organ is 
1:100. Other observers say it occurs more 
frequently. They may be correct, for oc- 
casionally patients when explored, or ex- 
amined post mortem, and a diagnosis of 
carcinoma made, are correctly diagnosed 
as having sarcoma when microscopic study 
is made. Very often there is no tissue 
diagnosis. These hopeless cases offer a 
source of error. The first case was reported 
in 1847 (Briick); the first operated in 1887 
(Virchow). Finlaysen’s patient, aged three 
and a half, was the youngest, and di 
Giaccoma’s, aged ninety-one, the oldest. 
The most frequent age group is forty to 
fifty years. They predominate in the male. 
No new or plausible theory of etiology has 
been offered. 

Sarcoma has its origin (1) most often in 
the submucosa, and the tumor is a fibro- 
sarcoma; (2) in the muscularis, a myo- 
sarcoma; (3) the lymph nodes of the sub- 
mucosa, a lymphosarcoma; (4) occasionally 
they arise from the cells lining the blood 
vessels and lymph spaces. The above group 
offers a working basis. Histologically, they 
may be further subdivided into some 
eighteen different cell tumors. 

Clinically they are classified as: (a) exo- 
gastric; (4) endogastric; (c) infiltrating; 
diffuse or nodular. The first two are apt 
to have a pedicle, and may be very large. 
They are of low grade malignancy, and are 
prone to metastasize slowly. For this 
reason they offer favorable results when 
treated surgically. The infiltrating type is a 
lymphosarcoma. These metastasize early 
and are difficult to resect. These tumors 
may have their origin in any part of the 
stomach, but for some reason they only 
seldom involve the orifices. 

There are no specific signs, symptoms, 


or tests which characterize sarcoma, and 
differentiate it from other growths of the 
stomach. For this reason a correct pre- 
operative diagnosis has very seldom been 
made (we are not considering it as part of 
a general lymphosarcomatosis). Gastric 
symptoms (indigestion, hemoptysis and 
vomiting) are delayed, for the mucosa is 
only secondarily involved. These tumors 
may grow so rapidly that the blood supply 
is inadequate, sloughing may occur, and 
the patient experience gross hemorrhage or 
perforation. 

The treatment of this condition is pri- 
marily surgical. If an inoperable condition 
is found, a specimen should be taken for 
microscopic study. Lymphosarcomata are 
highly radiosensitive. Moderate medium 
wave length roentgen therapy has given 
marked relief from symptoms for a long 
period of time. One should proceed cau- 
tiously. Too rapid absorption of the tumor 
products may overwhelm the patient. 
Gross hemorrhage may occur. This latter 
may be coincident. It is best to forewarn 
the family. 


CONCLUSIONS 


1. Sarcoma of the stomach occurs suffi- 
ciently frequently to be considered in 
differential diagnosis. 

2. Suggestive factors are a large tumor 
in a younger patient who has not lost the 
expected weight, and whose symptoms are 
not in keeping with the roentgen findings. 

3. If pedunculated, the tumor offers an 
excellent chance of surgical cure. If in- 
operable, and of the lymphatic type, roent- 
gen therapy is indicated. 

4. For an exhaustive study, the reader is 
referred among others to articles by Ewing; 
D’Aunoy and Zoeller?; Haggard; and 
Askey, Hall, and Davis,' whose material 
I have used. 


* Read at the Thirty-fifth Annual Meeting, American Roentgen Ray Society, Pittsburgh, Pa., Sept. 25-28, 1934. 
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Fic. 1. Roentgenogram showing extensive filling defect in the stomach. 


CASE REPORT* 

W.B.C., white, male, aged thirty-two, naval 
stores operator. His family and previous history 
were not unusual. He was first seen September 
30, 1933, complaining of general neuritic pains 
over his body. Careful examination showed no 
physical or neurological abnormalities. His 


Fic. 2. Low power photomicrograph of the tumor 
tissue. 


weight was 169 lb. His blood pressure, blood 
and urine were normal. He improved under 
diet and salicylates. 

The patient. was next seen January I, 1934. 


. *This case is reported through the courtesy of Dr. J.C. Metts 
and Dr. J. K. Quattlebaum, of Savannah, Ga, 


He reported that for three weeks he had had 
pain in the epigastrium after eating, which was 
relieved by food. The pain awakened him at 
night. Physical examination disclosed tender- 
ness over the colon, not in the epigastrium. 
On January 15 he reported that diet and medi- 
cation gave only slight relief. He had nausea, 
bloating, pain, and headache. Examination 
showed his weight to be 166 Ib. (a loss of 3 
lb.). For the first time a “‘feeling of fullness” 
was detected in the epigastrium, but no other 
positive objective findings. Blood examina- 
tion: Hemoglobin, 85 per cent; red blood cells, 
4,000,000; white blood cells, 6,400. Wasser- 
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Fic, 3. High power photomicrograph of the tumor 
tissue. 
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mann and Kahn reactions negative. He was re- 
ferred for roentgen examination February 14, 
1934, with a diagnosis of duodenal ulcer. Sum- 
mary of roentgen findings: There was a large 
filling defect involving the distal half of the 
stomach. The stomach was easily palpable. 
There was narrowing of the pylorus but no ob- 
struction. There was a deep penetrating ulcer 
on the greater curvature. The stomach was 
movable. Diagnosis: Perforating malignant 
ulcer of greater curvature, part of inoperable 
carcinoma. 

Surgical findings February 21, 1934: Three- 
fourths of the stomach was involved. There 
was no free fluid in the abdomen. The glands 
along the greater and lesser curvatures were 
soft. There was no evidence of metastasis to 
other organs. The stomach was freely movable. 
Operation: An almost total gastrectomy was 
done. His immediate convalescence was good. 
He was taking and enjoying soft foods. On the 
seventh day he developed lobar pneumonia, 
complicated by empyema. He died on the 
eleventh day. 

Special features of this case: The roent- 
genologist was the first to definitely pal- 
pate a mass. He was in error in saying that 
it was a carcinoma and inoperable, but 
correct in maintaining that it was malig- 
nant and not a perforated ulcer with in- 
flammatory mass deforming the stomach. 
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DISCUSSION 

Dr. F. F. Philadelphia. A report 
of a single case does not leave very much room 
for discussion. However, my discussion shall 
largely be in the nature of presenting a case of 
primary spindle cell sarcoma of the stomach, 
occurring on my own service. 

We find literature reporting isolated cases of 
sarcoma of the stomach, including the vari- 
ous types mentioned by Dr. Drane. These are, 
however, in almost all instances reports of cases 
discovered at operation or autopsy. Roentgeno- 
logic reports and studies are notably absent in 
all the literature, as indicated by Dr. Drane. 
The condition probably occurs sufficiently fre- 
quently to demand more accurate detailed 
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roentgenologic study and some method, it 
seems to me, should be devised to gather the 
roentgenologic experience in isolated cases. 
May it not be possible from the type of tumor 
frequently reported that a certain percentage of 
these cases should be amenable to irradiation- 
if not with an absolute cure in mind at least a 
reduction in the size of the tumor. 

I feel quite sure that, had my own case been 
recognized preoperatively, after the application 
of moderately intensive radiation the tumor 
would have retrogressed and would have been 
quite operable. 

Would it not be possible to have this Society 
designate a committee of one or two to cor- 
relate what roentgenologic evidence can be ac- 
cumulated over a period of a few years with 
the hope of discovering some reasonable, ac- 
curate, diagnostic criteria. 

Permit me to take exception to the state- 
ments made in the roentgenologic report of the 
case cited by Dr. Drane, namely the statement 
“Diagnosis: Perforating malignant ulcer of the 
greater curvature, part of inoperable carci- 
noma.” I believe the matter of inoperability of 
gastric growth should not be made from the 
roentgenologic standpoint alone. Surely there 
are some cases we have all seen that from a 
roentgenologic standpoint appeared inoperable, 
our statements were accepted as such and the 
patient’s doom was sealed. While, on the other 
hand, what appeared roentgenologically to be 
inoperable has been shown after exploration to 
be quite operable. I believe we should be slow 
in making dogmatic statements that will tend 
to forestall procedures which might be of value 
to the patient. 

Briefly for the sake of adding to the records 
I present the following case, occurring on my 
own service at the Burlington County Hospital, 
Mt. Holly, N.J. 

F. R., Female, white, single, aged fifty-six, 
chief operator, Bell Telephone Company. Ad- 
mitted to hospital, October 17, 1933. Died 
November 18, 1933, following exploratory 
laparotomy. 

The patient’s previous history was irrelevant. 
The present illness began two months before 
admission, characterized by indigestion and re- 
lieved by alkalis. No pain evident but a sense of 
fullness or oppression in the upper epigastrium. 
Just before admission patient had an attack of 
nausea and vomiting, followed by fainting. 
Vomitus was distinctly clotted blood at first, 
changing to bright red. Bloody stools also fol- 
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lowed. This attack left her weak but without 
pain or nausea. At the time the patient was ad- 
mitted to the hospital she was somewhat 
emaciated and pale, and not in evident pain. 
Physical examination revealed a large mass to 
the left of the midline in the left upper quad- 
rant, not tender on palpation but movable. The 
blood picture indicated a severe secondary 
anemia, with a hemoglobin of 58 per cent. Her 
stay in the hospital was characterized by at- 
tacks of hematemesis. Because of this roentgen 
examination was delayed. The urgency of the 
condition finally induced us to make a roent- 
genologic study by barium ingestion. We found 
a large filling defect involving mainly the media, 
pedunculated, with the base apparently on the 
greater curvature, posteriorly. The impression 
was that the mass was pedunculated with prob- 
ably a broad pedicle. After consideration of the 
history we felt we were not dealing with a 
frank carcinoma but believed it was a benign 
pedunculated tumor and urged exploratory 
operation. This was done and we found a tumor 
mass in the location indicated roentgenologi- 
cally but with a very broad base situated be- 
neath the mucous membrane which had ul- 
cerated. The mass was extremely vascular and 
the surgeon concluded it was inoperable. Biopsy 
was done after extreme difficulty because of the 
vascularity of the tumor. Patient died next 
morning, apparently from shock and hemor- 
rhage. Laboratory report:—spindle cell sar- 
coma arising from beneath the submucous coat. 

Dr. Witttam J. Corcoran, Old Forge, Pa. 
With the more favorable results obtained in 
the treatment of sarcoma of the stomach as 
contrasted with carcinoma, it is unfortunate 
that the relative occurrence of sarcoma to car- 
cinoma is not reversed. All have seen cases 
where the stomach was extensively involved by 
malignancy with only slight symptoms and 
those for only a short period of time. The two 
cases which I have, show that the stomach 
can be extensively involved with symptoms for 
only a few weeks. In the clinical symptoms of 
sarcoma in the two cases we have, neither pa- 
tient had pain and the loss of weight was not 
commensurate with that seen in carcinoma of 
the stomach. Noticing dark stools as the first 
symptom both patients consulted their physi- 
cians immediately, and I attribute the results 
obtained in each case to the fact that each pa- 
tient was given treatment early. 

Our first case was in a man thirty-five years 


DECEMBER, 1935 


of age whose first symptom was dark stools. 
His physician ordered a gastrointestinal study. 
He had no pain and said that his stomach felt 
as though it was always filled and felt as 
though there was a floating lump present. A 
diagnosis of carcinoma was made. The patient 
was operated upon and a dumb-bell shaped 
tumor was found with half inside the stomach 
and half on the outside. There was an exten- 
sive resection done and the patient is alive and 
well today after eleven years. He is a man of 
extensive business interests and goes about his 
daily routine without any restriction. The his- 
tological diagnosis was a spindle cell sarcoma. 

The second case was in a woman aged fifty- 
four whose symptoms were a little more pro- 
nounced than the other one. She vomited on 
two occasions and like the other case, the first 
thing she noticed was dark stools. Roentgen 
examination showed the tumor mass in the 
body of the stomach, very plainly seen. She 
likewise had no pain, and in a period of seven 
weeks, throughout the entire time of her symp- 
toms, lost only three pounds. 

The fact is, as Dr. Drane pointed out, that 
sarcoma does not often involve the orifices but 
rather the intervening portion of the stomach. 
On that account, together with the fact that 
the history did not coincide with that of car- 
cinoma, a diagnosis of a sarcoma was offered. 
That diagnosis was made by Dr. Jackson. The 
patient was operated upon three and one-half 
years ago and is alive and well today without 
any symptoms whatever. The histological diag- 
nosis was a spindle cell sarcoma, made by an 
experienced pathologist, the late Dr. Wain- 
wright, who also operated upon one of the cases. 

Dr. G. W. Grier, Pittsburgh, Pa. One thing 
that impresses me on all the slides shown has 
been the marked size of the tumor. Everyone 
who has much experience with malignancy 
knows that sarcoma is usually characterized by 
a much larger tumor than carcinoma. 

Dr. Ross Gotpen, New York City. We 
have had three proved cases of sarcoma of the 
stomach, in all of which there was a large, 
rounded, well-defined filling defect with a 
barium shadow in it somewhere, which looked 
like the crater of an ulcer. All three of these 
three sarcomas were ulcerated, one of them 
with a remarkably deep crater. We feel that in 
the presence of that kind of an appearance (i.e., 
a well-defined filling defect with a crater shadow 
in it) one is justified in suggesting sarcoma. 
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AN IMPROVED TECHNIQUE FOR RADIUM TREAT- 
MENT OF CARCINOMA OF THE UTERINE BODY* 


By HENRY SCHMITZ, M.D., F.A.C.S., F.A.C.R., and HERBERT E. 


SCHMITZ, M.D., F.A.C.S. 


CHICAGO, ILLINOIS 


6 Bae problem of the technique of ir- 
radiation of carcinoma of the uterine 
body can only be solved by a study of the 
topographical anatomy of the organ, of the 
extent of the tumor, and of the homo- 
geneous distribution of a known radiation 
dose in the periphery of the organ, desig- 
nated as the perimetrium. If the homo- 
geneous distribution of the radiation dose 
can be attained by the development of an 
irradiation technique which is correct and 
safe, yet simple of execution, and which 
reproduces always the desired distribution 
of radiation intensities, then the five year 
good end-results should be the same as 
those obtained with surgery. 

During the past five years a special 
applicator for the insertion of radium into 
the uterine cavity has been developed. Its 
use renders the distribution of a homo- 
geneous radiation dose in the periphery of 
the organ an exact procedure. The con- 
struction and the distribution of the equal 
intensity curves will be described, basing 
the evolution of the technique on the 
anatomical relations of the uterus and the 
clinical grouping of the carcinomas. 


THE TOPOGRAPHICAL ANATOMY OF 
THE UTERUS 

The shape of the uterus resembles a 
flattened pear in the multipara and an 
hour-glass in the nullipara. The wall thick- 
ness of the parous uterus is 14 mm. in the 
body, 7 mm. at the cornu, 10 mm. in the 
fundus and 9 mm. in the cervix. The pos- 
terior wall is always slightly thicker than 
the anterior wall. 

The total length of the uterus is about 
10 to 12 cm. in the multipara and 6 to 8 
cm. in the nullipara. Two-thirds of these 
measurements comprise the longitudinal 
length of the body. The greatest width is 


5 to 6 cm. in the parous and 3.5 to 4.5 cm. 
in the nulliparous uterus; the greatest 
thickness is 4 to § cm. in the parous and 
2.5 to 3.5 cm. in the virgin uterus. 

The uterine cavity forms an isosceles 
triangle. The base is at the fundus and 
measures 2.5 cm., though it may measur 
2, 3 and even 4 cm. This distance may be 


ic. 1. The uterometer. When closed it occupies a 
space equal to No. 3 uterine dilator. 


determined by the use of a special uterom- 
eter (see Fig. 1). The apex of the triangle 
forms the internal cervical os. The angle 
is definitely acute in the multipara. The 
altitude or bisector of the triangle is about 
3 to 3.5 cm. long. The length of the cervical 
canal is 2.5 cm. It measures 7.mm. trans- 
versely and 4 mm. sagittally at its greatest 
lumen. The anterior and posterior mucous 
walls of the body are practically in juxta- 
position. 

The lymph vessels of the uterine body 
run parallel to the blood vessels. Those of 


*From the Departments of Gynecology, Loyola University School of Medicine and the Mercy Hospital Institute of Radiation 
Therapy, Chicago, Ill. Read at the Twentieth Annual Meeting, American Radium Society, Atlantic City, N. J., June 10-11, 1935. 
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the middle portion of the lateral and an- 
terior walls run to the hypogastric lymph 
nodes, those of the posterior wall to the 
sacral lymph nodes, those of the fundus to 
the lumbar lymph nodes and along the 
round ligaments to the inguinal lymph 
nodes. Anastomoses are very frequent. 
Should the uterus lie in the normal po- 
sition of anteflexion, then the flattened 


Fic. 2. Clinical Group 1 carcinoma 
of the uterine body. 


anterior surface rests upon the urinary 
bladder, while the concave posterior sur- 
face is covered with loops of the intestinal 
tract. 

The average measurements of the size 
of the uterine body and cavity vary de- 
pending on the age of the patient, the 
number of parities, subinvolution, acute or 
chronic infection, loss of contractility due 
to endocrine disturbances and intramural 
growths, and the presence of new growths. 
Hence the uterine cavity and cervical ca- 
nal should be measured with the uterometer 
and the uterine sound in each case. 
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THE CLINICAL GROUPS OF CARCINOMA 
OF THE UTERINE BODY 


The extent and size of malignant tumors 
of the uterine body determine the changes 
in size, form, consistency and mobility of 
the organ. To determine the size and ex- 
tent of a corpus carcinoma, bimanual pal- 
pation, probing and curettage form neces- 
sary procedures. Palpation enables one to 
recognize the size, consistency, mobility 
and form. The size may vary from normal 
to that of a first trimester pregnancy. The 
consistency may be normal, nodular, or 
dough-like; or the uterus may feel soggy, as 
if permeated with fluid. The form may 
vary from normal to globular to multi- 
lobular depending on the size and shape 
of the tumor. The mobility may be normal, 
impeded or totally lost. Fixation is due to 
parametrial invasion and adhesions to ab- 
dominal organs. The curette elicits im- 
portant evidence. Thereby an infiltration, 
an ulceration or a proliferation of the uter- 
ine mucosa may be determined. The size 
and extent of the tumor may be measured 
with the uterine sound by the careful and 
deliberate surgeon. The width at the fun- 
dus and the length of the uterine cavity 
and cervical canal are taken with the 
uterometer and the uterine sound as al- 
ready stated. 

The results of the examination permit 
the following clinical grouping: 

Clinical Group 1. The cancer is clearly 
localized. The growth not larger than 1 cm. 
in diameter may be said to be clearly 
localized. The uterus is freely movable. 
The form and consistency are normal. Such 
small nodes show as yet very little activity 
(see Fig. 2). 

Clinical Group 11. The tumor is about 2 
to 3 cm. in diameter. The uterus is freely 
movable. Palpation elicits an area of in- 
filtration or nodulation in the walls accom- 
panied by a corresponding increase in size 
of the body. Such a tumor is already 
actively growing and hence invasive (see 
Fig. 3). 

Clinical Group 11. The tumor invades 
about one-half of the body. The size is per- 
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Fic. 4. Clinical Group 11 carcinoma of the uterine body. 
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ceptibly increased and irregular. The con- 
sistency is firmer than normal, especially 
within the planes of the growth. Subserous 
nodes are felt plainly. The mobility of the 
uterus is decreased, the inguinal or hypo- 
gastric lymph nodes may be enlarged but 
are movable (see Fig. 4). 

Clinical Group 1v comprises the totally 
carcinomatous uterus with invasion of the 
adjacent structures, especially the para- 
metria and lymph nodes. There is fixation 
of the tumor mass and the metastases. 
Fixation is always characteristic of ad- 
vanced and terminal cancers (see Fig. 5). 
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on the clinical grouping, otherwise it is not 
possible to determine the evaluation of 
surgical or radiation treatment. Should the 
surgeon include in his statistics only the 
cases that were operated upon, 1.e., clinical 
Groups 1 and 1 cases, then the statistics 
of only such groups treated with radiations 
should be compared to those treated with 
surgery. 


NEW TECHNIQUE OF RADIUM THERAPY 


The discussion on the anatomical rela- 
tions of uterine body carcinomas con- 
sidered (1) the shape and form of the 


Fic. 5. Clinical Group 1v carcinoma of the uterine body. 


Therefore the characteristics of the four 
clinical groups are the same as those seen 
in carcinoma of the uterine cervix first 
described by one® of us in 1920. 

The clinical significance of the grouping 
of the extent of the growth aids in deter- 
mining the method of treatment and in 
evaluating the good end-results of treat- 
ment. Cancers of clinical Groups 1 and 
indicate surgery or irradiation as thereby 
the tumors may be eradicated or totally 
destroyed. Clinical Group 111 cases should 
be treated with irradiation, preferably ra- 
dium and roentgen rays, while clinical 
Group Iv cases should be treated palli- 
atively, preferably with roentgen rays. The 
five year good end-results should be based 


uterine cavity; (2) the thickness of the 
uterine walls; (3) the extent of the growth, 
and (4) the clinical groups. 

Various techniques for the intrauterine 
insertion of radium or radon for carcinomas 
of the uterine body have been discussed. 
Bowing and Fricke’ use a tandem appli- 
cator, which is placed at different levels 
during multiple applications. Heyman? 
packs the uterine cavity with many small 
radium capsules. However he states that a 
definite technique has not yet been elabo- 
rated. Brown? uses a multiple area appli- 
cator. A radium capsule is attached to each 
of three curved steel springs. During treat- 
ment the levels of the capsule may be 
changed, which is facilitated by a gradation 
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on the protruding parts of the steel springs. 
These procedures comprise the chief meth- 
ods used in the radium treatment of cancers 
of the uterine body. 

The object of radium treatment is the 
distribution of radium intensities so that 
the periphery of the uterus receives rela- 
tively the same radiation dose. The Y- 
shaped applicator seen in Figure 6 fulfills 
these requirements as seen in Figure 7. It 
may be regulated or adapted to any length 
of the base at the fundus. The entire 
periphery of the body lies within the zones 
of equal intensity curves 40 from either 
arm capsule and of equal intensity curves 
20 from each of the opposite arm capsule. 
The equal intensity curves were deter- 
mined by the senior author with Huth" in 
Friedrich’s Radiation Institute at the 
University of Freiburg. 

Having thus determined the equal dis- 
tribution of radiation intensities to the 
periphery of the uterus it became necessary 
to determine the radiation dose. The 
threshold skin dose of Failla and Quimby 
has been adopted as our biological dose 
standard. Expressed in the physical dose 
standard, that is, in number of the inter- 
national r, it is 2,000 r with back-scattering 


Fic. 6. Schmitz’ Y-shaped intrauterine radium ap- 
plicator. Turning the lower knob to the left brings 
the upper arms in apposition, and turning the knob 
to the right forces the arms apart. The widest dis- 
tance obtainable is 4 cm. 
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Kic. 7. The applicator in situ within the uterine 
cavity. The equal intensity curves are drawn in, 
from which the peripheral radium doses may be 
calculated. 

when given with gamma rays of radium 

filtered with‘2 mm. brass. 

Measurements of gamma rays in roent- 
gens gave as the equivalent of 1 mg-hr. at 
1 cm. from a point source, and 0.5 mm. Pt 
filter, 8.3 r, according to Mayneord and 
Roberts.’ The same factors but using a 
2 mm. brass filter gave 10.5 r as determined 
by Friedrich et al.* Glasser had already 
obtained the value 7.3 r in 1928, which is 
in close agreement with the value obtained 
from Eve’s constant. If this roentgen is 
corrected for temperature and pressure, 
then the value 8.4 r is obtained, thus agree- 
ing with Mayneord’s result. Therefore 1 
mg. radium element filtered with 2 mm. 
brass gives at I cm. focus skin distance 7.5 
r in air if not corrected for o° Celsius and 
760 mm. air pressure. Hence 50 mg. radium 
element gives with the same factors at 
1 cm. focus skin distance 375 r. If the 
radium is applied intratumorally and in 
contact with the uterine wall, then a back- 
scattering of about 33.3 per cent should be 
added; this means that the total number 
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of roentgens with back-scattering at I cm. 
depth is then soo. The determination of the 
radium dose intratumorally in r is a matter 
of calculation if the equal intensity curves 
or isodoses are known. The distance at 1 
cm. of two radium capsules in tandem 
filtered with 2 mm. brass and taken at the 
center corresponds exactly to isodose 60. 
Hence at isodose 40 having a central radius 
of 2 cm. the soo r dose is reduced to 233.34r 
and at isodose 20 with a central radius of 
3.25 cm. it is reduced to 166.67 r. It is 
requested to apply to the periphery of the 
uterus in three fractions, eight days apart, 
one tolerance skin dose. A broken tolerance 
skin dose applied within fifteen days is 4 
threshold skin doses. The latter is 1,500 r 
without back-scattering and 2,000 r with 
back-scattering from gamma rays, accord- 
ing to Failla and Glasser. Murdoch and 
Stahel’ determined the erythema skin dose 
in r as 2,300, the frank erythema 3,000 r 
and the radioepidermitis as 3,500 to 4,000 
r. If protraction is practised the latter 
value may be raised to 5,000 r. The broken 
tolerance dose at the cornu of the uterus 
should be 8,000 r with back-scattering. 
The periphery lies at isodose 40 from the 
nearest radium capsule and at isodose 20 
from the opposite capsule. Therefore, the 
application of the capsules should be 
§,233-34 r from the nearest capsule and 
2,666.67 r from the farthest capsule. 
Dividing 5,233.34 by 233.34 gives 22.4 
hours; and 2,666.67 divided by 166.67 also 
gives 22.4 hours. Hence, three fractionated 
treatments of about 73 hours each will give 
the dose. It is not necessary to consider the 
50 mg. radium element inserted in the 
vertical filter, as the equal intensity doses 
do not collide with those from the upper 
oblique arms of the Y-filter. 

Should the distance at the fundus be 
more than 2.5 cm. as measured with the 
special uterometer (see Fig. 1), then each 
application is increased one hour with 3 cm. 
and 43 hours with 4 cm. distance between 
the tubal ostia. 

The results of treatment have been very 
satisfactory in clinical Groups 1 and 1 
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cases. Complete control of the symptoms 
and signs has been attained. The results 
have been so promising that one of us has 
treated all carcinomas of the uterine body 
with intracavitary applications of radium. 

Clinical Group 11 cases are treated with 
a course of roentgen rays followed by a 
fifteen hour single application of radium 
in the Y-shaped filter. Clinical Group tv 
cases are subjected to deep roentgen 
therapy, using 800 kv. obtained from a 
pulsating Villard rectified current. The 
palliative effect is noteworthy, consisting 
in relief of pain, bleeding and discharge, 
and reduction in size of the uterus and 
tumor. A number of three and four year 
survivals have been observed. 

CONCLUSIONS 

(1) The topographical anatomical rela- 
tions of the uterus have been discussed. 

(2) The clinical grouping of carcinomas 
of the uterine body has been given. The 
indications for treatment, whether by 
surgery or irradiation, have been based on 
this grouping. 

(3) A Y-shaped radium filter has been 
described. The equal intensity curves and 
the calculation of the radium dose in roent- 
gens have been given. 

(4) It is possible that the results of ra- 
dium treatment of carcinomas of the uter- 
ine body will show as good five year end- 
results as are obtained in carcinomas of 
the cervix. However, five year statistics 
have not as yet been accumulated. 

(5) The curability of adenocarcinomas 
by irradiation and the histological malig- 
nancy index and radiosensitiveness of car- 
cinomas of the uterine body have not been 
considered as essential in the discussion 
of radiation technique. 
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PREOPERATIVE RADIUM TREATMENT OF 
RECTAL CARCINOMA* 


By HARRY H. BOWING, M.D. avd ROBERT E. FRICKE, M.D. 


Section on Therapeutic Radiology, The Mayo Clinic 


ROCHESTER, 


VIGOROUS surgical attack and ener- 

getic treatment with radium for many 
years have been employed for rectal car- 
cinoma. While results have been encourag- 
ing,'? neither method has been wholly 
satisfactory and much work remains to be 
done before the prognosis in this disease 
can be improved. The main factors tend- 
ing to unsatisfactory results, both surgical 
and radiotherapeutic, are: (1) the relative 
inaccessibility of the lesion, (2) the usual 
presence of extensive local disease when 
the patient first appears for treatment,*and 
(3) the frequent presence of distant meta- 
static involvement. 

Radium therapy has in the past been 
very generally employed for its palliative 
effects, which are both positive and valu- 
able. The attempt to cure has been more in 
the province of surgery. More recently, 
however, the microscopic grading of lesions 
has altered surgical procedures somewhat, 
as many surgeons had previously referred 
patients with operable but dangerous le- 
sions of grades 3 or 4 for radiotherapy 
alone. 

The palliation that follows radium treat- 
ment of massive carcinomas through re- 
ducing their size, easing pain and bleeding, 
and prolonging the patient’s life has tended 
to develop this form of therapy. Logically, 
a plan has gradually been evolved first to 
treat vigorously with radium the smaller 
carcinomas for which the outlook is more 
hopeful, and second, after an interval to 
follow such treatment with radical surgical 
excision of the growth. 

Determination of a suitable interval be- 
tween radium treatment and operation con- 
stitutes a varying problem which as yet 
has not been solved. A longer time is re- 
quired to complete the radiation effect in 
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some tissues than in others. In the early 
years of radium therapy at The Mayo 
Clinic, rectal carcinomas were treated with 
radium and resection was performed a 
week or two weeks later. The surgeon 
would find the tissues edematous and 
hyperemic, and operation was very difh- 
cult; in addition, convalescence was more 
prolonged. Results were so unsatisfactory 
that the plan was discontinued. 

Since 1929, owing to the good results ob- 
tained by radium treatment of some rectal 
carcinomas, and as a result of the combined 
efforts of internists, proctologists, patholo- 
gists, radiologists, and surgeons, the older 
procedure has been resuscitated and put on 
a better planned basis. The clinician now 
selects cases which in his opinion are most 
favorable for treatment; that is, cases in 
which lesions are relatively small and 
favorably situated in the rectum and in 
which the patients are good or fair operable 
risks. Biopsy is always performed in order 
to secure a specimen for microscopic grad- 
ing. A patient may or may not be subjected 
to colostomy, depending on the amount of 
obstruction present and his attitude toward 
this operation. If colostomy is performed, 
the lesion can be kept cleaner and an op- 
portunity is afforded for exploration of the 
liver and pelvic lymph nodes for evidence 
of metastasis. During convalescence from 
this operation, a thorough course of radium 
treatment is carried out. Then, after an 
interval of at least two months, and pref- 
erably three months or longer, has elapsed, 
radical excision of the carcinoma is per- 
formed. 


TECHNIQUE OF RADIUM TREATMENT 


In the usual palliative treatment of ex- 
tensive rectal carcinomas, treatment with 


* Read at the Twentieth Annual Meeting, American Radium Society, Atlantic City, N. J., June 1o-11, 1936. 
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radium has naturally been conservative. 
The lesions are often bulky, medullary, or 
annular, and frequently they are high in 
the rectum and rectosigmoid. Treatment 
has been confined to that portion of the 
growth which is visible through the proc- 
toscope. It has been our practice in treat- 
ing annular lesions to insert a universal 
radon tube, encased in 2 mm. of lead, in a 
finger cot, and if the lumen permitted in 
the center of a wrapping of gauze I cm. 
thick. Different areas along the length of 
the lesion are then gently irradiated with 
500 to 700 mg-hr. daily. If colostomy had 
been performed, the heavier dose was used. 
Tubes were also placed in tandem in a rub- 
ber appliance 1 cm. thick, and a smaller 
dose was given throughout the length of the 
growth. 

At present, preoperative treatment is 
much more aggressive. As a rule, the le- 
sions are smaller and more accessible. 
Platinum-filtered needles (1 mg.) are 
evenly placed throughout small growths for 
forty-eight hours, or gold radon seeds are 
implanted. Contact treatment has also 
been employed; two or three radon tubes 
(with 1 mm. of brass, 0.5 mm. of silver, and 
1 mm. of rubber as filters) are strapped side 
by side with adhesive tape to form a 
plaque. The tubes are placed through the 
proctoscope against the growth, packing 
the normal wall of the bowel away with 
gauze soaked in metaphen and employing 
a dose of 60 to 100 mg-hr. per square centi- 
meter of malignant tissue. This treatment 
is repeated daily to different areas of the 
growth until the entire lesion has been cov- 
ered. Surgical diathermy is employed to re- 
duce the bulk of the medullary tumors and 
to facilitate the puncture method of radium 
therapy. 

EARLY RESULTS 

During the four years from 1930 to 1933, 
inclusive, 58 patients were selected by the 
clinicians for this form of treatment. The 
group comprised approximately one-sev- 
enth of the number of patients with rectal 
cancer who were treated by radium during 
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that period. The ideal plan, however, was 
not carried out in all these 58 cases; in 
some cases the lesion was too extensive or 
too high in the rectum; in others the pa- 
tients did not return for operation or 
refused it. All 58 patients have been traced 
to the present time, however, with the ex- 
ception of 1, and this patient was living and 
well when last heard from. 

Although this series is too small for 
statistical conclusions to be reached, cer- 
tain inferences may nevertheless be drawn 
from a study of the early results. Twenty- 
seven, or 46 per cent, of the patients in the 
series have died. This number includes 5 
who died of postoperative complications at 
the Clinic, and 1 who died following opera- 
tion elsewhere; it also includes 1 patient 
who died following radium treatment, 1 
who died of cerebral embolism, and Io 
others who died and were found to have 
distant metastatic involvement. 

Of the 27 patients known to have died, 
Ig (7O per cent) had undergone colostomy 
and 13 (53 per cent) excision of the rectal 
carcinoma. The average interval between 
excision and radium treatment was three 
and two-tenths months, and the average 
length of life of the patients was one year 
and five months. Of the 31 patients known 
to be living, 19 (61 per cent) had under- 
gone colostomy and 24 (77 per cent) ex- 
cision of the rectal carcinoma. The average 
interval between excision and radium treat- 
ment in this latter group was four and 
three-tenths months, and the average 
length of life, up to the present, two years 
and six months. 

In this series patients were well along 
toward middle life. In the group of pa- 
tients who had died, the youngest had been 
thirty-three, the oldest seventy-nine years 
of age. The average age had been fifty- 
four and eight-tenths years. In the group 
of patients who are living the youngest 
was twenty-seven, and the oldest seventy- 
five years of age, the average age being 
fifty-five and six-tenths years. The dura- 
tion of life in the first group varied from 
one month to four years. Six patients in 
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the second group have lived well over four 
years. 

It is interesting to observe in Table | 
in the predominating adenocarcinomas, 
there is a slightly better survival rate in 
grade 2 lesions. In Io cases the findings at 


REPORTS OF BIOPSY IN CASES OF RECTAL CARCINOMA 
TREATED BY RADIUM 


Patients | Patients 


Grade died 


l'ype living 


Adenocarcinoma 12 11 
10 16 
I 2 

I | 

Squamous cell 


Adenocarcinoma 
Adenocarcinoma 
Adenocarcinoma 


epithelioma I 
Squamous cell 
epithelioma 
Squamous cell 


2 fe) 


te 


te 


epithelioma 3 


Total 27* 


* One patient with a squamous cell epithelioma of grade 3 
lived four years. 

t Of 6 patients in this group who have lived and are apparently 
well for more than four years, 1 had a squamous cell epithelioma 
of grade 2; 2 had adenocarcinomas of grade 3, and 3 had adeno- 
carcinomas of grade 2. 


necropsy gave evidence of distant metas- 
tasis: in 3 cases to the liver, in 1 to the 
liver and bladder, in 2 to the brain and 
lungs, in I to the mediastinum, in 2 to 
the pelvic structures, and in 1, general car- 
cinomatosis. The reports at biopsy had 
been adenocarcinoma of grade 1 in 3 of 
these cases, adenocarcinoma of grade 2 
in 6, and squamous-cell epithelioma of 
grade 3 in one. The findings at necropsy in 
another case revealed myocarditis and 
pneumonia, but no carcinoma. 

Of the 31 patients now living 2 are seri- 
ously ill; 1 is in a hospital with evident 
metastatic involvement of the liver and 
brain, and I is confined to bed at home with 
severe rectal pain. Five others are ap- 
parently well, although they still have per- 
sistent draining sinuses from the posterior 
wounds; these wounds, however, are show- 
ing satisfactory healing. The home physi- 
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cian of one of the patients reported that 
the rectal tumor was steadily diminishing 
in size. In another case a mass persists in 
the pelvis behind the rectum; this may be 
scarring or may be extension of the malig- 
nant process. The remaining 22 patients 
give no evidence of carcinoma or of recur- 
rence. 

It must be borne in mind that in this 
series of 58 patients, the full plan (that is 
radical excision, following radium therapy 
after an interval) was‘carried out in only 
37 cases. This, we feel sure, is a major fac- 
tor in limiting the number of patients who 
are apparently well to 22. 

MICROSCOPIC FINDINGS 

In 6 cases microscopic studies of tissue 
removed by the surgeon following radium 
treatment were of special interest. In 3 
of these cases special search of the speci- 
men revealed no evidence of carcinoma 
whatever; radium had completely de- 
stroyed all traces of the growth. In 2 of 
these cases radium needles had been em- 
ployed, and in the third contact treatment 
had been used as the growth was judged too 
large for the burying technique. Biopsy 
before treatment revealed adenocarcinoma 
of grade 2 in I case, adenocarcinoma of 
grade 3 in I case, and squamous-cell epi- 
thelioma of grade 2 in the third case. One 
growth was anorectal and the other 2 were 
low in the rectum. Colostomy had been 
performed in only 1 of the cases. The in- 
terval between treatment and operation 
was two months in 2 cases, and three 
months in the third. One patient was 
treated in 1930, I in 1932, and 1 in 1933. 
They are apparently well today with no 
evidence of recurrence. 

In 3 other cases the microscopic findings 
after posterior resection indicated that 
most of the carcinoma had been eradicated 
by radium treatment. The growths were 
all found before treatment to be adeno- 
carcinomas of grade 2. Two were low in 
the rectum and 1 was in the upper part of 
the rectum. Radium needles and contact 
treatment were employed in 1 case, and 
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contact treatment and heavily filtered 
radiation were employed in the other 2 
cases. One patient was treated in 1932 and 
2 were treated in 1933. None gives any 
evidence of recurrence today. 


SUMMARY AND CONCLUSIONS 


The treatment of carcinoma of the 
rectum has proved to be a difficult problem 
for the surgeon and for the radium thera- 
pist owing to the relative inaccessibility of 
the lesion, its usually advanced stage when 
first seen, and the usual presence of dis- 
tant metastatic involvement. In some cases 
surgery alone, and in others radium treat- 
ment alone, has resulted in cure. 

In cases in which patients present them- 
selves reasonably early, when cure seems 
possible, more aggressive radium treatment 
followed after a rather lengthy interval by 
surgical excision of the carcinoma, seems 
the logical procedure. 

A preliminary report is given on 58 pa- 
tients selected for this plan of treatment in 
the years 1930 to 1933, inclusive. Only 
37 of them completed the course of treat- 
ment by undergoing radical excision of the 
growth after radium treatment. Thirty- 
one of the patients are living at the present 
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time, although 2 are seriously ill and 2 
others may have residual trouble. The re- 
maining 27 patients appear to be well and 
free of recurrence. In 5 of these cases com- 
plete healing of the posterior wound has 
not yet occurred. Six patients have been 
perfectly well for more than four years. 

Careful microscopic examination of re- 
moved tissue was carried out in all cases 
following surgical excision of the growth. In 
3 cases no evidence of carcinoma whatso- 
ever was found in the surgical specimen, 
radium treatment apparently having de- 
stroyed all vestiges of the growth. In 3 
other cases the pathologist found that 
most of the malignant cells had been 
eradicated by radium. 
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ROENTGEN THERAPY OF THROMBO-ANGIITIS OBLIT- 
ERANS (BUERGER’S DISEASE)* 


By G. E. PFAHLER, M.D., Sc.D. 


PHILADELPHIA, PENNSYLVANIA 


NY method of treatment which re- 
lieves pain and prevents lameness and 
loss of limb deserves serious consideration. 
The end-results of thrombo-angiitis ob- 
literans have commonly been amputation, 
after much suffering, and gangrene. 
DEFINITION 

Mayo and Adson state: ‘““Thrombo- 
angiitis obliterans is a peripheral vascular 
disease, characterized by thrombosis of the 
peripheral arteries and veins, resulting in 
intermittent claudication, localized pain, 
oedema, ulceration and gangrene of the 
digits, and 1n the later stages of the disease, 
massive gangrene. Besides the process of 
thrombosis, vasomotor spasm of the prin- 
cipal unoccluded and collateral arteries is 
found, which aggravates the symptoms 
produced by the occlusion of arteries and 
veins, and which, if relieved, ameliorates 
the symptoms, preserves the digits and ex- 
tremities, and aids materially in rehabili- 
tating the patient.” 

The involvement of the superficial veins 
of the upper and lower extremities in the 
form of migrating thrombophlebitis occurs 
in from 20 to 25 per cent of the cases 
(Philips and Tunick). 


HISTOLOGY 


Craig and Kernohan found more pro- 
liferation of the living endothelial cells of 
the arterioles and small arteries than in 
cases of Raynaud’s disease. The prolifera- 
tion was not general. The lumina of the 
larger vessels of the ganglia were also re- 
duced from a ratio of 2 to I to 1.8 or I. 
They found no evidence of an acute or 
chronic inflammation. In studying the 
ganglion cells themselves, they found in 
more than half of the cells, small vacuoles 
at the periphery. The vacuoles appeared 
to have been caused by the swelling of the 


endocapsular cells, the nuclei of which were 
prominent and cytoplasm could be demon- 
strated only with difficulty by means of 
special stains. This process of vacuolar de- 
generation or destruction seemed to be 
different from changes brought about by 
swelling of the endocapsular cells. The 
swollen endocapsular cells corresponded 
closely to the vacuolization present in the 
periphery of cytoplasm of the ganglion 
cells. Pigment was present in the cyto- 
plasm of more than go per cent of the 
ganglion cells, but was slight in amount in 
75 per cent of the cells. 

It will be seen, therefore, that in this 
disease, there are definite changes shown 
histologically in the ganglia which have 
justified the removal of these diseased 
ganglia surgically or their treatment by 
irradiation. 

ETIOLOGY 

The excessive use of tobacco seems to 
have an etiological bearing. Nearly all 
cases occur in males who have been heavy 
smokers of cigarettes, though the disease 
has been present in non-users of tobacco. 
The specific etiology is still undetermined. 
Specific infection or toxic agents have been 
given as a cause. It is most common among 
young men who are engaged in active exer- 
cise, but it also occurs among men occupy- 
ing sedentary positions, and occasionally 
has occurred among young women. It is 
supposed to be prevalent in the Hebrew 
race but it is found to have developed in 
all races. Exposure to cold has a deleterious 
effect on the patients (Mayo and Adson). 
Buerger was able to reproduce the patho- 
logical lesions in man by the implantation 
of resected inflamed superficial veins. Hor- 
ton and Dorsey have carried out similar 
successful studies by implanting segments 
of superficial veins that were the seat of 


* Read at the Thirty-fifth Annual Meeting, American Roentgen Ray Society, Pittsburgh, Pa., Sept. 25-28, 1934. 
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phlebitis into the femoral veins of rabbits. 
Bacteriological studies have not been con- 
clusive. Several organisms have been de- 
scribed but none have fulfilled the postu- 
lates of Koch. There is much to be said in 
favor of the idea that infection and toxins 
are causative because the lesion in the 
tissue of the vessels is inflammatory in 
nature. The progression and the relapses 
of the disease in the affected vessels also 
suggest an inflammation of low grade 
(Brown). 


HISTORY OF ROENTGEN THERAPY OF 
THROMBO-ANGIITIS OBLITERANS 


Thrombo-angiitis obliterans was first 
treated by means of the roentgen rays by 
Philips and Tunick at the Hospital for 
Joint Diseases in New York, and they 
made a preliminary report upon their re- 
sults in 1925. Based upon the theory of 
the local inflammatory process in the 
affected blood vessels, they first applied 
the radiation over the extremities. This did 
not produce satisfactory results. They then 
observed incidentally that while treating 
a patient for enlarged prostate with high 
voltage roentgen rays, the associated symp- 
toms of thrombo-angiitis obliterans were 
relieved. They then used low voltage rays 
in a similar manner on 3 other patients but 
obtained no relief of symptoms. They think 
that the scattered radiation from the high 
voltage roentgen rays given over the pros- 
tate according to their technique reached 
the sympathetic ganglia and thus explained 
the relief of symptoms in the first case. 

Following the above observation and 
because of the remarkable relief of hyper- 
esthesia, and the improvement in trophic 
and circulatory disturbances of long dura- 
tion, occurring in poliomyelitis, which had 
followed treatment with the roentgen rays 
over the involved spinal segments, Philips 
and Tunick applied the rays over the para- 
vertebral areas in the dorsolumbar region 
using stimulating doses of the low voltage 
type. Theoretically, the stimulating doses 
were justified by the investigations of Loeb 
as to the effects of roentgen rays and radio- 
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active substances on living cells and tissues, 
by which he found that “weak intensities 
of the rays may stimulate motility, excita- 
bility of nerves and metabolism, while 
greater intensities weaken and destroy 
them.” 

Following this preliminary report of 
Philips and Tunick upon the results ob- 
tained in the treatment of 50 cases of 
thrombo-angiitis obliterans, reports on a 
lesser number of cases were also made by 
several American authors, namely, Wood, 
Beall, and Jagoda, Langer, and Philips, 
but the French have become even more 
enthusiastic, among whom may be men- 
tioned Delherm and Beau, Zimmern and 
Brunet, Desplats and Langeron, Massé 
and Mathey-Cornat, Berger, Paisseau and 
Porcher, Leriche and Fontaine, Cordon- 
nier, Dupas and Spéder. 

Based upon the fact that some patients 
suffering from thrombo-angiitis obliterans 
were relieved of their symptoms following 
operation upon the sympathetic ganglia, 
and also following suprarenalectomy, Del- 
herm in conjunction with Beau, and Des- 
plats in conjunction with Langeron, made 
reports at the same meeting of the Société 
de radiologie médicale de France, upon 
cases which were improved under treat- 
ment by the roentgen rays. These reports 
were published in the official journal of this 
French Society in January, 1929. Delherm 
and Beau gave their treatments over the 
dorsolumbar region and also over the 
lumbosacral region upon the theory that 
the results were produced by the action 
on the sympathetic ganglia, while Desplats 
and Langeron gave their treatment directly 
to the region of the suprarenals, since some 
previous cases had been relieved by surgi- 
cal operations upon the suprarenal glands. 
Belot, in his discussion of the subject, 
called attention to the fact that both he 
and Guoin had obtained satisfactory re- 
sults in the treatment of Raynaud’s disease 
of the feet by irradiation over Scarpa’s 
triangle, which treatment was given with 
the object of influencing the sympathetic 
ganglia of that region. In their second case, 
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Desplats and Langeron obtained good re- 
sults by irradiation over the suprarenals 
after a double sympathectomy had failed 
to relieve the pains or the trophic con- 
ditions. Later, Langeron, Desplats, Cor- 
donnier and Dupas made some researches 
upon the effect of treatment over the supra- 
renals in delayed calcification of fractures 
and reported good results in 3 cases. They 
conclude that the mechanism of the action 
of the roentgen rays is probably very com- 
plex, and therefore difficult to explain, and 
while they applied the rays to the supra- 
renal region, they believe the effects are 
obtained through the sympathetic system. 
Spéder has been able to control the per- 
nicious vomiting of pregnancy by irradia- 
tion over the suprarenals. 

Since good results in thrombo-angiitis 
obliterans have been obtained by operation 
upon the suprarenals, and also by opera- 
tions upon the sympathetic ganglia, it 
would seem to me possible that the great 
regulating organs are the suprarenal 
glands, but their action is probably carried 
out through the sympathetic ganglia, and 
therefore operation on either of these or- 
gans breaks the chain, but irradiation over 
both accomplishes the same result and 
much more easily. Mayo and Adson found 
that the slowly progressive cases which 
included most cases of thrombo-angiitis 
obliterans are suitable for sympathectomy. 
They usually perform bilateral sympathec- 
tomy even though the disease seems to pro- 
duce symptoms in only one extremity, 
since ultimately it is almost sure to involve 
the opposite extremity, and since sympa- 
thectomy has apparently controlled the 
process, and thus they preserve the op- 
posite extremity. An analysis of the sta- 
tistics of 100 consecutive cases of thrombo- 
angiitis obliterans made by these authors 
shows that they had done a bilateral lum- 
bar operation in 89 cases and cervico- 
thoracic ganglionectomy 15 times. Fighty- 
seven patients were markedly improved 
following sympathectomy, receiving an 
average relief of 80 per cent, and 76 per cent 
of the patients obtained a useful extremity. 
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Craig and Kernohan found a local in- 
flammatory reaction about the sympa- 
thetic ganglia in operative cases, and there- 
fore they made post-mortem studies of the 
ganglia in 40 non-operative cases, in which 
the derangement of the nervous system 
had not been apparent. It was surprising 
to them to find that in a large percentage 
of these 40 cases, the lymph nodes lying 
post-peritoneally along the vertebral col- 
umn and superimposed on the lumbar 
sympathetic chain were enlarged and 
simulated the picture seen in the operative 
cases. Therefore this appearance could not 
be established as an inflammatory process. 


SYMPTOMS 

Characteristic symptoms make their 
appearance usually in the following order: 
pain, at first slight, gradually becomes 
more severe, ultimately excruciating and 
continuous. A small minority of cases are 
free from this disturbing and distressing 
feature of this condition. Pronounced 
vasomotor and trophic disturbances super- 
vene, with intermittent claudication, eryth- 
romelia, ischemia, cyanosis, ulcers, and 
finally gangrene. Brown makes the follow- 
ing analysis of the symptoms in thrombo- 
angiitis obliterans: 
The symptoms which may occur following ob- 
struction of the arteries can be grouped as fol- 
lows: (1) Impairment of the arterial blood 
supply to the distal parts results in lowered 
surface temperature, claudication, and muscu- 
lar atrophy. (2) Small ulcers, dry or moist, are 
found most frequently in the margin of the 
nails, or frank ulceration, gangrene, and sec- 
ondary infection; the pain is constant, in con- 
tradistinction to that of claudication, which 
comes with exercise. The growth of nails is 
impaired, and the skin may be thickened, dry, 
and fissured and abnormal calluses may form. 
(3) Local inflammation of the arteries and veins, 
phlebitis or arteritis when superficial may cause 
the surrounding tissues to be red and tender to 
touch; distress is brought on by movement or 
pressure. (4) Ischaemic neuritis causes the 
severe pain characteristic of neuritis; it fre- 
quently is paroxysmal, and usually is worse at 
night. (5) Vasospastic disturbances resulting 
from sensory vasomotor reflexes, initiated by 
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the irritative lesion in the arteries, causes 
blanching and cyanosis, and a numb, dull, 
aching sensation on exposure to warmth. The 
frequent occurrence of these spastic phenomena 
in thrombo-angiitis obliterans has been the 
cause of many erroneous diagnoses of Ray- 
naud’s disease being made in cases in which the 
patients were males; most of the patients who 
have Raynaud’s disease are females. 


TECHNIQUE OF RADIATION THERAPY IN 
THROMBO-ANGIITIS OBLITERANS 

The technique as used by the several 
authors has varied very considerably. In 
general, the dose reaching the sympathetic 
ganglia (or suprarenal glands) has been 
small, probably not more than Io per cent 
of an erythema dose, or about 65 r. Such a 
small dose will do no harm, and probably 
have no effect upon any healthy organ. 
Diseased organs are generally more sensi- 
tive to irradiation than normal organs. 
The nervous system in general is not very 
sensitive to irradiation, therefore such a 
small dose must be producing its good 
effect because the sympathetic ganglia are 
either inflamed or for some reason hyper- 
sensitive. For the most part, low voltage 
rays have been used in the past (probably 
because they have been more convenient), 
varying from 100 to 150 kv., and the filtra- 
tion has been from 5 to 6 mm. Al. Equally 
good results have been obtained with 200 
kv. and o.§ mm. Cu filtration, and that is 
what I have used. Since the sympathetic 
ganglia are approximately 10 to 12 cm. 
from the skin surface, it would seem more 
logical to use the higher voltage and higher 
filtration technique. The surface dose will 
vary therefore with the quality of rays 
used. | would advise from 20 to 30 per cent 
(150 to 200 r) of an erythema dose at each 
seance. [he distance has been usually from 
40 to so cm. The area usually treated has 
involved the paravertebral region from the 
11th dorsal to the sth lumbar vertebrae. 
Desplats and Langeron extended their 
treatment only to the 3rd lumbar. In some 
cases, this has been divided into four por- 
tals, and the treatment through each area 
is given on separate days, or through two 
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areas on each of two days. The larger the 
area used, the more likely is radiation sick- 
ness to occur, and this unpleasant com- 
plication must always be considered when 
treatment is given through the abdomen 
or any large blood vessels. from a review 
of the cases treated, it would seem advis- 
able to treat the patient over the sympa- 
thetic ganglia indicated by the location of 
the disease, probably three times a week 
until a total of one-half to a full erythema 
dose has been given over each portal, or 
over the whole area. Such a series may be 
repeated after an interval of one or two 
months if necessary. In April, 1934, Del- 
herm reported good results in 5 cases from 
treatment anteriorly, using one portal over 
the umbilical region, and one in each iliac 
fossa. The dose was 1,600 to 2,000 R 
(Solomon) total given over each area 
during a period of thirteen days. 
RESULTS 

Pain is relieved usually in about two to 
three weeks after the inception of the 
treatment, and at times occurs more 
promptly. In the s50 cases reported by 
Philips and Tunick, only 10 per cent failed 
to obtain this relief. If nothing else were 
accomplished, this alone would be a great 
triumph. One of my patients could walk 
only a city block when he would have to 
stop on account of pains in the calf of the 
legs. He has been completely relieved and 
three years later can play 36 holes of golf 
at the age of sixty-seven. Some of the 
patients treated have had to give up their 
work as long as three years before treat- 
ment, and were returned to their work 
after treatment. One of my patients who 
was a road contractor had to discontinue 
work because of pains in his legs. He, too, 
was entirely relieved. Patients who could 
not walk because of pains in their feet, and 
others who had to sit on the side of the bed 
during the whole night were made able to 
lie down and sleep at least five hours each 
night. Usually patients have returned to 
their work in from five to six weeks. 

The relief of special symptoms has been 
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somewhat as follows: Intermittent claudi- 
cation disappears sufficiently within two 
weeks for the patient to walk without dis- 
tress, and in 50 per cent of the cases re- 
ported by Philips and Tunick these symp- 
toms disappeared completely within six 
weeks. 

Circulatory and trophic disturbances 
improve in from four to six weeks. The 
normal color reappears, and the cyanosis 
disappears. The limbs become warmer, and 
are better able to withstand changes in 
temperature. Phlebitis shows improvement 
early. Active signs of inflammation dis- 
appear with supervening signs of resolu- 
tion. Venous and lymphatic stasis 1f present 
disappears rapidly. The pulse when absent 
at the beginning of treatment is not re- 
corded as reappearing in any of the cases. 
Therefore, we must infer that the actual 
occluded artery is not restored to normal, 
but that the improvement must be due to 
an establishment of collateral circulation. 

Ulcerations show a tendency to improve 
within a few weeks and disappear within 
a few months. Granulations appear and 
epithelization of the margins is noticed 
early, and an appearance of an ordinary 
ulcer is soon established. In the series of 
so cases reported by Philips and Tunick, 
there were 10 ulcers, all of which healed in 
from six to eight weeks. 

Gangrene was present in a number of 
cases reported. A tendency to become dry 
was noticed early and gradually the dead 
tissue separated and the area healed. 

Marked general improvement appears 
rapidly, chiefly due to the relief of pain, 
and therefore the patient gets increased 
rest and sleep. 

The cachectic color and the agonized 
expression disappear. The patients gain in 
weight, look rested, and become happier 
and hopeful. 

In November, 1932, Delherm and Beau 
reported on a total of 34 cases. Seven were 
of the juvenile type, 24 senile, and 7 dia- 
betic. Healing was obtained in 12, ameli- 
oration in 8, and failure in 13 cases. Accord- 
ing to these authors, the senile arteritis 
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generally responded less favorably than 
the other forms. The favorable factors for 
good results are the early character of the 
lesions, the augmentation of the pulsations 
following a warm bath, the predominance 
of vasospasm over an organic lesion, and 
the absence of destructive trophic dis- 
turbances. In their cases, the longest heal- 
ing lasted five years. 


REFERENCES 

1. Barker, N. W. The effect of tobacco on disease 
of the blood vessels. dun. Int. Med., 1934, 7, 
1456. 

2. K. H., and Jacopa, S. Roentgenological 
treatment of neurocirculatory disorders. South 
M. 1926, 79, §gO-Sgl. 

3. Beat, K. H., and Jacopa, S. Irradiation of 
sympathetic ganglia; valuable therapeutic 
procedure. Texas State 7 M., 1930, 26, 279 
23C. 

4. Brown, G. E. Thrombo-angiitis obliterans; 
Buerger’s disease. Surg., Gynec. & Obst., 1934, 
58, 297-311. 

s. Buercer, L. The Circulatory Disturbances of 
the Extremities. W. B. Saunders Co., Phila- 
delphia, 1924, p. 214. 

6. Craic, W. M., and Kernouan, J. W. Surgical 
removal and histological studies of sympathe- 
tic ganglia in Raynaud’s disease, thrombo- 
angiitis obliterans, chronic infectious arthritis 
and scleroderma. Surg., Gynec. © Obst., 1933, 
56, 767-778. 

>. Detuerm, L., and Beau, H. Note sur la radio- 
thérapie dans le traitement de l’artérite ob- 
litérante. Bull. et mém. Soc. de radiol. méd. de 
é€, 1929, 77, 32-34- 

8. Detnerm, L., and Beau, H. Note sur le traite- 
ment des artérites par la radiothérapie. Budl. 
et mém. Soc. de radiol. méd. de France, 1932, 
20, §26-538. 

g. La radiothérapie des plexus ab- 
dominaux par voie antérieure dans le traite- 
ment des artérites. Bull. et mém. Soc. de ra- 
diol. méd. de France, 1934, 22, 211-213. 

10. Desptats and Lanceron. L irradiation 
régions surrénales dans la vasoconstriction et 
dans la vasodilatation des extrémites. Bul. 
et mém. Soc. de radiol. méd. de France, 1930, 
18, 39-44. 

11. De Takats, G., and Mackenzie, W. D. Diag- 
nosis and treatment of circulatory disturb- 
ances of the extremities. Surg., Gynec. & Obst, 


des 


1934, 58, 6456-667. 

12. Dierensacnu, W. H. Experiences with deep ray 
therapy in the treatment of varicose veins. 
Hahneman. Month., March, 1934. 


— 


Vou. 


te 
te 


34, No. 6 


Editorial. Conservatism in the treatment of 
thrombo-angiitis obliterans. 7. 4m. M. Ass., 
1934, 702, 459-46 

Horton, B. T., and Atitan, F. N. Thrombo- 
angiitis obliterans of patients with diabetes. 
Ann. Int. Med., 1934, 7, 799-804. 

Horron, B. T., and Dorsey, A. H. E. Experi- 
mental thrombo-angiitis obliterans: bacteri- 
ologic and pathologic studies. Arch. Path., 
1932, 17, ylO-g25. 

Lancer, Heinz. Roentgen rays and the au- 
tonomic nervous system. Am. J. ROENTGENOL. 
& Rap. THERAPY, 1927, 78, 137-145. 

LANGERON, L., R., Corponniger, V 
and Dupas, C. Action de la radiothérapie de 
la région surrénale sur la constitution des cals 


osseux dans les anciens foyers de fractures. 
Bull. et mém. Soc. de radiol. méd. de France, 
1933, 27, 290-3 

LerIcHE, R., Fontaine, R., and Frien, P. In- 
dications et résultats de l’artériographie dans 

artérites. Presse jl, 
1104. 

LeRICHE, R., and Srricker, P. Results and in- 
dications of suprarenalectomy in the conserva- 
tive therapy 


les méd., 


1933, 


of juvenile thrombo-angiitis; 

study based on twelve cases. Presse méd., 1932, 

(0, 1237-124 

Leo. Effects of roentgen rays and radio- 
active substances on living cells and tissues. 
Am. J. RoENTGENOL., 1922, 9, 497-5OI. 

Massé and Marney-Cornat. L’épreuve ar- 
tériographique dans un cas de gangréne du 
membre inférieur. Bull. et mém. Soc. de radiol. 
méd. de France, 1930, 78, 156-158. 

Mayo, W. J., and Apson, A. W. Raynaud’s dis- 


ease, thrombo-angiitis obliterans and sclero- 


LogEs, 


derma; selection of cases for and results of 
and trunk re- 
section. dun. Surg. 771-783. 
Princst, A. O. Endarteritis obliterans with un- 
usual Ved., 1934, 74, 


sympathetic ganglionectomy 

» 1932, 90, 

eye involvement. 7. 
$66-—-570. 

Puitips, H. B., and Tunick, I. S. Roentgen-ray 
therapy of thrombo-angiitis obliterans. ‘7. 
Am. M. Ass., 1925, 84, 1469-1472. 

Puities, H. B. Roentgen ray therapy of neuro- 
circulatory diseases. Med. ¥. &= Record, 1928, 
128, 5593 627. 

Rapsinowircn, I. M., Rirenie, W. L., and Mc- 
Kee, S. H. A statistical evaluation of different 
methods of arteriosclerosis in diabetes melli- 
tus. dun. Int. Med., 1934, 7, 1478-1490. 

SaMuELs, S. S. thrombo- 


1934, 


Gangrene due to 

angiitis obliterans. 7. dm. M. 
102, 430-442. 

SpEpER, EK. Vomissements dits “‘incoercibles”’ et 
radiothérapie du sympathique. Bull. et mém. 
Soc. de radiol. méd. de France, 1932, 20, 503 


509. 


Roentgen Therapy of Thrombo-angiitis Obliterans 775 


29. Stewart, H. H. 
for gangrene due to thrombo-angiitis obliter- 
ans. Brit. M. F., 1934, 7, 100-101. 

30. Te.rorp, E. D., and Sroprorp, J. S. B. Results 
of lumbar sympathectomy in_ thrombo-an- 
giitis obliterans. Brit. M. F., 1933, 7, 173-176. 

31. Woop, E. H. Case of thrombo-angiitis obliterans 
treated by bilateral lumbar sympathetic 
ganglionectomy. Canad. M. Ass. ‘F., 1931, 25, 
439-441. 

32. Zimmern, A. Au sujet de |’action favorable de 
irradiation de la région surrénale dans les 

Bull. et mém. Soc. de 
radiol. méd. de France, 1929, 17, 146-147. 

33. ZimmMerRN, A., and Brunet, R. Radiothérapie 
surrénale dans les gangrénes artéritiques. Budd. 

de radiol. méd. de France, 1930, 


Sympathetic ganglionectomy 


artérites oblitérantes. 


et mém,. Soc. 
18, 56-6 

34. ZimmMeRN, A., and Brunet, R. Un nouveau cas 
de gangréne artéritique chez un diabétique 
traité par l’irradiation de la région surrénale. 
Bull. et mém. Soc. de radiol. méd. de France, 
1931, 79, 28-3 

35. ZimmMern, A., Bercer, J., and 
Porcuer. Un cas particulicrement grave de 
thrombo-angéite oblitérante par la 
radiothérapie surrénale. Bull. et mém. Soc. de 


radiol. méd. de France, 1931, 79, 255-257. 


PAISSEAL 


gucri 


DISCUSSION 


Dr. Heinz Lancer, Pittsburgh, Pa. I am 
honored to open the discussion of Dr. Pfahler’s 
excellent paper, and am sure that if such a mas- 
ter of the pioneer clan of roentgen therapists 
reports such satisfactory results in Buerger’s 
disease, it behooves the younger men of the 
group to take notice. 

Dr. Pfahler’s work brings additional facts 
together which aid in clearing the road to the 
complex problem of the indirect effect of roent- 
gen irradiation. Because the physiology of the 
vasomotor innervation is not clearly under- 
stood, it is still difficult at this time te explain 
why roentgen irradiation produces such bene- 
ficial effects. 

We are, however, better off than the surgeon 
who may perform any one of the following oper- 
ations: periarterial sympathectomy, arteri- 
ectomy, ramisection, lumbosacral sympath- 
ectomy or adrenal sympathectomy. 

| have explained the beneficial effects re- 
ported as being due to a depressing action of 
an overirritated vegetative nervous system, 
and have, for many years, treated the vegeta- 
tive nerve ganglia in such cases with very 
satisfying results. 

Since increased pain, roentgen sickness and 
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slight swelling of the extremities are frequently 
observed a few hours following roentgen treat- 
ment, tending to continue a few days, the pa- 
tient and referring doctor should be fore- 
warned. This reaction is explained on the basis 
that the overirritation of the vegetative system 
is augmented for a short period before the 
depressing reaction sets in. 

Coincidentally I received yesterday a reprint 
from Gilbert and Babiantz, published July, 
1934, which deals with roentgen irradiation of 
vasomotor disturbances of the extremities. 
Their work supports that of Dr. Pfahler, as 
they report beneficial effects of roentgen irradi- 
ation in from 60 to g§ per cent of over 100 cases 
collected. They conclude both from their own 
work and from a survey of the literature that 
roentgen therapy should be used and continued 
for some time before any surgical methods are 
recommended. 

I believe that if the roentgen therapist would 
see such cases early enough, and this can only 
be done when we inform our colleagues of the 
benefits of roentgen irradiation of thrombo- 
angiitis obliterans, much useless suffering could 
be abolished. I am sure Dr. Pfahler’s paper will 
help to bring this about. 

Dr. Pfahler mentioned, speaking about the 
technique, that it seems advisable to treat the 
patient over the sympathetic ganglia indicated 
by the location of the disease. This technique 
will usually bring about the desired results, but 
I have found that it might be advisable, if the 
results are not so satisfactory, to irradiate 
higher situated ganglia also, as they might 
already be in a stage of overirritation. Clinical 
observation shows that after a certain interval 
upper extremities may show the same patholog- 
ical condition as the lower extremities and that 
irradiating higher situated ganglia may prevent 
further development of such a pathological 
stage. 

Dr. Ross Gotpen, New York City. Dr. 
Pfahler quoted Philips and Tunick. I am going 
to take this opportunity to get a correction 
into the record. In one of Philips and Tunick’s 
articles a statement is made that certain results 
were obtained on cases treated at the Presby- 
terian Hospital in New York. I treated those 
cases myself. Unfortunately, the statement is 
so worded that I appeared to have made the 
analysis of the results. The analyses of the 
results were made by Philips himself. I did not 
agree that they were as good as he intimated. 
A number of my clinical friends spoke to me 
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about it, during the succeeding year or two and 
finally I had to call Dr. Philips’ attention to the 
fact that I did not agree with the results which 
were purported to have come from me. 

At the present time, these cases as they come 
to the Vanderbilt Clinic, are studied by a sur- 
geon who anesthetizes the posterior tibial nerve 
and tests the skin temperature with a thermo- 
couple. If there is evidence that spasm plays a 
part in the disease, the case may or may not be 
referred for roentgen treatment. Some of them 
are and some of them are not. If there is no 
evidence of spasm, that is, if it looks as though 
there is seriously advanced organic disease of 
the vessels the case is considered not suitable 
for roentgen therapy. 

The analysis of the clinical results of treat- 
ment in such a condition as this is extremely 
difficult. There are so many methods of treat- 
ment which means, of course, that none of 
them are very good and that all of them at 
times apparently produce results. In some of 
the best clinical articles I have seen, the most 
important thing emphasized was to stop smok- 
ing. I think we need to interpret our radiother- 
apeutic results in such conditions as this with 
considerable conservatism. 

Dr. E. P. PeNnperGrRAss, Philadelphia. We 
also have been interested in this condition and 
our results have not compared favorably with 
those reported by Dr. Pfahler and Dr. Langer 
this morning. Unfortunately, this condition 
does not lend itself to experimental proof. 

Dr. Griffith and I have irradiated a number 
of rats over the sympathetic ganglia and then 
with a new staining technique attempted to 
show changes in the sympathetic ganglia and 
the nerve endings in the blood vessels. We were 
unable to show any change from normal in 
any of the rats over a period of time as long as 
three months after the irradiation. These 
animals were sacrificed after two, four, six, eight, 
ten and twelve weeks. On the other hand, it was 
very easy to show changes in the sympathetic 
nerve endings and in the vascular system after 
operation, and that is the control that was used. 
There may be changes occurring in the sym- 
pathetic ganglia in patients that cannot be 
demonstrated by the usual staining methods. 
But we are sure of this, that in the experimental 
animal, irradiation does not produce demon- 
strable effects in the sympathetic innervation. 

Dr. Lancer. In regard to Dr. Pendergrass’s 
remarks on animal experiments, may [| tell you 
that just this same problem which he presents 
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was the greatest obstacle that I had to over- 
come at the University of Erlangen when | 
began my research in this field. We absolutely 
cannot compare a normal animal or the be- 
havior of its sympathetic nervous system when 
treated by roentgen rays to the abnormal ani- 
mal or the effects of roentgen irradiation on a 
proved overirritated nervous system such as is 
present in thrombo-angiitis obliterans. There- 
fore, animal experiments unfortunately fail to 
give us any information about the roentgen-ray 
effect on the vegetative nervous system when 
it is in a pathological stage of overirritation. If 
we could produce in animals such an overirrita- 
tion of the vegetative nervous system and then 
irradiate the animals, | feel quite sure that we 
would find positive proof of the effect of roent- 
gen rays on such an overirritated sympathetic 
system. 

Dr. PrAHLer (closing). | thank the men who 
have discussed this subject. I think all they 
have said is true. In the first place, let us look 
at this from a practical standpoint. We all 
know, those of us who have been dealing with 
disease conditions and their treatment, that 
most normal organs and tissues will tolerate at 
least a stimulating dose and sometimes two or 
three or four times that amount without show- 
ing the slightest effect or symptoms. But when 
the organ is diseased, it shows a very much 
more marked effect. We only need to go to the 
practical points of the diseased thyroid. Now 
all of you know that you can give considerable 
treatment over the thyroid gland, the normal 
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thyroid gland, without any effect whatever. 
That is illustrated by the enormous irradiation 
that is given over the thyroid in connection 
with carcinoma of the larynx, whether it be 
radium or whether it be by high voltage roent- 
gen rays. You give enough irradiation to cause 
desquamation of the skin, you have set up an 
epithelitis inside, and yet you haven’t inter- 
fered with the function of that thyroid because 
the thyroid is normal. 

However, all of you know how quickly and 
how satisfactorily you get a response to an over- 
active thyroid, such as we get in hyperthyroid- 
ism. Therefore, isn’t it just as logical to assume 
that when these sympathetic ganglia are irri- 
tated or inflamed or diseased from some cause, 
whether it be the toxins from tobacco or some 
inflammatory process, as has been shown by 
Buerger, isn’t it likely that with that inflamed 
condition we will get a very definite response? 
And certainly from a practical standpoint it is 
a trifling thing to give a few doses of roentgen 
rays over the sympathetic ganglia as compared 
with an operation, and if you want to do any 
operation or any other study afterwards, there 
is nothing to stop you from doing it. It is prac- 
tically a harmless procedure and certainly we 
are justified in trying it out. Now, of course, 
it is self-evident that we must gradually, with 
longer and more experience, learn to pick out 
the cases that are likely to respond, as some 
have tried to do. I haven’t had enough experi- 
ience even to try that, but we will come to 
that if we all make an effort in this direction. 
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THE ROENTGENOLOGIST AS AN EXPERT WITNESS* 


By WILLIAM A. EVANS, M.D. 


DETROIT, MICHIGAN 


HERE are two reasons at least why 

the selection of this theme should re- 
ceive your commendation, its discussion 
excite your interest and its significance 
compel your careful consideration and ac- 
tion. First, Dean Lewis® in his address be- 
fore the American Medical Association at 
the Cleveland meeting, in commenting 
upon the desirability and need of the 
medical profession holding the good will 
and respect of the people, expressed in 
strong terms his opinion that the expert 
witness, as he is generally known today, 
is an important factor in undermining the 
confidence which the public imposes in us. 
Second, the American Bar Association and 
several of the component state bar associa- 
tions, are engaging in an active campaign 
to rid their profession of those whose prac- 
tices are unethical and dishonest. Among 
this group are many of the legal profession 
who, in an unholy alliance with physicians 
of similar low moral standards, seek unfair 
profit from employers, insurers and others 
who are financially responsible. It is in- 
cumbent on physicians, both as individ- 
uals and in organizations, to acquaint 
themselves with these highly undesirable 
activities and to design and apply a rem- 
edy. 

A third reason could be easily advanced 
justifying your interest in the more prac- 
tical phases of the subject. Modern in- 
dustrial life in all of its ramifications as- 
sociated with the use of machinery is re- 
sulting in an increased number, both rela- 
tive and absolute, of injured employes; also 
modern methods of transportation are at- 
tended with increasing numbers of cas- 
ualties. Associating these two factors with 
the increased tendency to shift the burden 
of medical and surgical care incident to the 
injuries from the employee to the em- 
ployer, a situation results in which there is 
a need for physicians specially trained in 


the field of so-called industrial medicine 
which includes diagnosis and treatment of 
all injuries and occupational diseases both 
as regards degree and extent, determina- 
tion of disability and proper representation 
before labor boards and courts. The report 
of the “Committee on Workmen’s Com- 
pensation” appointed. by Governor Leh- 
man of New York deals at length with 
this problem of industrial physicians and 
one of its recommendations for the estab- 
lishment of adequate medical safeguards 
involves the selection of physicians spe- 
cially trained in all departments of com- 
pensation work. A physician whose work 
includes private practice, compensation 
and public liability practice very early ob- 
serves that the clinical manifestations of 
injury or disease vary greatly, depending 
upon whether the case is a private one, 
whether it is compensation or one of liabil- 
ity. The basis for this variation is nicely 
stated by Collie in his work “Fraud in 
Medicolegal Practice,” in which he states 
that “litigation magnifies pain, perpetuates 
incapacity and introspection; and subjec- 
tive sensations are unwittingly fostered”’; 
and again ““The absence of sick pay aborts 
any growth of perverted sensations.”’ 
Therefore it is desirable for one engaging 
in industrial practice to have experience 
with that group where there is no excuse 
for fraud or malingering,—that is, in pri- 
vate practice where patients have an in- 
centive for speedy recovery. 


HISTORY OF FORENSIC MEDICINE 


The science of medical jurisprudence is 
not a modern development, for in the 
earliest medical and legal writings, as well 
as in lay and religious records, appear ref- 
erences indicating a highly developed state 
of the knowledge and practice of this sci- 
ence. The present general unfamiliarity 
with this subject is due to the failure of 


* Read at the Thirty-fifth Annual Meeting, American Roentgen Ray Society, Pittsburgh, Pa., Sept. 25-28, 1934. 
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medical historians to investigate in this 
field, and, further, to the lack of instruc- 
tion from those responsible for medical 
education and training. 

Keldman,? comparing Jewish with Greek 
and early Roman literature, found in the 
Talmud and Pentateuch much evidence 
that in those early days (300 B.c. to 500 
\.D.) the aid of one of special training in 
medicine was sought to assure proper ad- 
ministration of justice. The interpretation 
and administration of the Jewish laws was 
under the Rabbinical Court, but there 
were many instances in which it appears 
that the Rabbis availed themselves of 
medical experts in certain cases. While 
eldman justly considered the Greeks and 
Romans tardy in this development, the 
Jewish superiority was due, in part at 
least, to the form of their religion and not 
to the possession of any keener apprecia- 
tion of its importance. Eller,' in surveying 
the Roman records on the significance of 
the interdependence and the cooperation 
of law and medicine, observed that jurists 
gave very attention to medical 
matters as they affected the rights and 
duties of the individual and the com- 
munity. Krom both Greek and Roman 
sources come frequent instances where 
jurists and physicians collaborated so that, 
even then, medicolegal principles had been 
established and their application deter- 
mined. It is interesting to observe that the 
names of men having the highest attain- 
ments, such as Hippocrates and Celsus, ap- 
pear in this connection, and as the history 
of the development of forensic medicine is 
unfolded during the succeeding centuries, 
there appear always the most outstanding 
physicians such as Harvey and Hunter in 
England, Malpighi and Haller in Italy and 
Germany and André Paré in France, the 
latter dealing especially with forensic opin- 
ions On injuries. 

Professor Vorkastner’ states that the 
oldest document dealing specifically with 
forensic medicine comes from the 13th 
Century and was found in China, be- 
ing known as the Si-yuen-luh. Strangely 


serious 


The Reentgenologist as an Expert Witness 779 


enough, this book has been used continu- 
ously in China and only recently has the 
government considered it advisable or 
necessary to determine its applicability to 
and sufficiency for modern needs. The first 
European literature on the subject ap- 
peared in northern Italy, this being con- 
tributed by a physician of Palermo, 
FKortunatus Fideles, who dealt with the de- 
termination of death and with sexual 
crimes; and Paul Zacchias (1584-1659) a 
physician to several Popes, whose first in- 
terests involved questionable states of 
mind. Zacchias is known as the “father of 
legal medicine” and medicolegal history 
has been divided into two parts, pre-Zac- 
chias and post-Zacchias. The Circuit Court 
where Zacchias worked was founded in the 
14th Century and the name first used in 
1422. The first expert medical witness in 
this court was established by Pope John 
XII in 1316. Zacchias was appointed physi- 
cian of Rome and the pontifical palace. 
The Pope, impressed with his physician’s 
belief that questions of sanity and the like 
were the province of medical experts, asked 
Zacchias to express opinions on medico- 
legal cases and, thanks to the objective 
nature of his investigations, the exactness 
of his science and the wisdom of his judg- 
ment, his work has become the basis for 
modern medical jurisprudence. Being espe- 
cially interested in legal psychiatry, he 
classified and coined words which are still 
in use today in this specialty. His treatise, 
a copy of which is in the library of the 
Medicolegal Society in New York, is re- 
markable for his authoritative recording of 
both the elemental and fundamental truth 
of this science. 

Germany made the next important ad- 
vances for in 1650 at the University of 
Leipsic, records appeared on medical juris- 
prudence and in 1720, a professorship was 
established in this subject at Leipsic. Ger- 
many has continuously maintained her in- 
terest in this science and her medicolegal 
officials are required by law to be qualified 
by special education not only in the procur- 
ing of facts incident to a case, but in the 
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estimation of their importance, for the 
benefit of the courts. 

The study of medical jurisprudence in 
France languished during the 16th and 
17th Centuries, owing to the fact that the 
offices of these courts became hereditary, 
but this evil was abolished by the French 
Revolution and since then France has been 
among the foremost in the advancement of 
the art and science of medical jurispru- 
dence. Both in Germany and France, 
government aid was given so that forensic 
medicine kept pace with the development 
in other scientific fields. 

The English speaking nations were back- 
ward in the study and application of this 
science and even today the science is in a 
most unsatisfactory state. Possibly an ex- 
ception should be made for Scotland, which 
established a chair of forensic medicine in 
1803 in the University of Edinburgh, with 
Dr. Duncan, the elder, as the first lecturer 
on the subject. The records show that Scot- 
land has continued to progress so that her 
scientists have been among the foremost 
medicolegal jurists of Great Britain. It 
should be added that one authority ex- 
presses the opinion that “in this present 
era, the science may well be said to be at 
its decadence among all English speaking 
people of the world.’’ Men of medicine of 
this country have attempted to make prog- 
ress, this group including Benjamin Rush 
of Philadelphia and also Dr. Cooper and 
Dr. Bell of the same University, and Pro- 
fessor Griffith of the University of Mary- 
land and Virginia. Of still greater influence 
was Professor Beck who, in 1820, was made 
a lecturer on medical jurisprudence in the 
College of Physicians and Surgeons of New 
York and in 1826 was made Professor of 
Medical Jurisprudence, which chair he held 
until 1840. His book on “Medical Juris- 
prudence,” published in 1823, is still con- 
sidered authoritative. 

Some fifty years ago, a group of physi- 
cians in New York, in cooperation with 
members of the legal profession, organized 
a medicolegal society which remained ac- 
tive for several years. This society had a 


A. Evans 


DECEMBER, 1935 


membership of some 400, with an adequate 
library, previously referred to, and gave 
many excellent programs in which both 
physicians and lawyers read papers of mu- 
tual interest. A similar society was organ- 
ized in Cleveland, but eventually interest 
in both societies lagged and they became 
extinct. However, the communications 
which were given before these organiza- 
tions are a matter of record and they con- 
tain much of historical and practical in- 
terest. 
THE EXPERT MEDICAL WITNESS 

The expert witness is not a modern 
product, but his present relation to a given 
case is at strong variance with his position 
indicated by the historical records. Lodge® 
in an article entitled ““A Half Century’s 
Progress in Medical Jurisprudence” dis- 
coursed on the rise, culmination and de- 
cline of the expert medical witness. In the 
very early period of English law, there is 
evidence that medical testimony was 
sought and admitted for the purpose of the 
enlightenment of the court. As early as 
1353, in a case of mayhem, surgeons from 
London were called to inform the king and 
the court on those things on which the 
justices were incompetent to draw proper 
conclusions. From that early beginning, 
the employment of the expert was con- 
sidered one of the most important ad- 
vances of our jurisprudence. 

As stated above, in the earliest days, the 
expert was called upon for the enlighten- 
ment of the court and the competent testi- 
mony given there was passed on to the 
jury by the presiding judge. However, 
even then it became evident that expert 
testimony is not always reliable and it 
gradually became plain that there was 
even absolute dishonesty among the so- 
called experts. The standing of the expert 
became such that in an address given some 
years ago, Judge Andlich stated that “few 
judges have a good word for expert testi- 
mony.” 

Lodge, who was a Detroit lawyer with 
medical training, made an exhaustive study 
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of the problem of expert medical testi- 
mony and made eight recommendations 
for correcting its evils. These recommenda- 
tions are of such excellence that their full 
quotation seems warranted. 


Appointment to the court of experts 
who shall be allowed to testify only on matters 
within the their profession. These 
prominent experts should be used at the trial 
by agreement of the court or the parties. The 
examination could be conducted either by 
counsel or by the presiding judge. 

2. Selection by each of the parties of one 
and appointment by the court of a third expert 
to act as a disinterested party. The result of 
their deliberations to be presented to the jury. 

3. Appointment in the courts by the court 
alone of a collection of experts to investigate 


scope of 


and decide on the scientific questions arising 
in a case and to present their findings to the 
trial judge in the form of a sworn statement, 
with the understanding that the judge would 
communicate this to the jury. 

4. Selection of an auxiliary panel of jurors 
composed of experts, and drawing in any case 
involving scientific questions a part of the jury 
from the scientific panel. 

Association of the trial judge with an ex- 
pert chosen by himself, to join with the judge in 
the conduct of the trial and to direct and con- 
trol the examination of the witnesses and ad- 
dress the jury. He would be subject to ques- 
tioning by counsel on both sides. 

Abolition of the hypothetical mode of 
interrogation, permitting only concrete and un- 
refuted facts. 

Application of more severe tests regarding 
the qualifications of witnesses and restriction of 
the right to act as an expert witness, who would 
be (a) selected by the parties or (4) 
from the official roll of experts. 

Payment of the expert witness out of the 
county treasury, which would tend to make the 
witness impartial. 


selected 


In recent personal communications from 
judges of high standing, who were solicited 
for suggestions as to the correction of these 
same evils, similar recommendations have 
been made. 

Lewis, in his address previously referred 
to, said: 


Members of the bar realize the futility of 
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much expert testimony, and I would like to see 
the bar association approached by a committee 
appointed by the House of Delegates to see 
whether some method of procedure could be de- 
vised by which the expert witness could be 
eliminated. A reference board, appointed by 


some competent authority or commission, 
would probably be most satisfactory, for it 
could examine in camera the testimony and 


the documents and hand down the decision, 
thus avoiding the amazement concerning the 
conflicting statements of equally capable men 


In my opinion, the present low state of 
legal medicine is to be explained in part by 
the disinclination of our better physicians 
to subject themselves to the inconvenience 
of present court procedure or to expose 
themselves to the indignities committed by 
opposing counsel. They avoid court work, 
also, by their appreciation of the futility of 
arguing profound and complex subjects be- 
fore a jury, and often judges, entirely un- 
informed in medical matters; and finally, 
they avoid placing themselves in the posi- 
tion of competing with that type of medical 
expert who disgraces his profession by his 
ignorance and his dishonesty. 


THE ROENTGENOLOGIST 
EXPERT WITNESS 


AS AN 


The problems of the expert witness in the 
prescientific period of medicine were rela- 
tively simple owing to the limited knowl- 
edge possessed by the profession and to the 
undeveloped state of many sciences now 
closely related to medicine. When one 
scans the growth of forensic medicine, he 
observes that in succeeding periods it has 
been dominated by the various specialties 
and allied sciences, this domination being 
dependent upon the prominence and im- 
portance of a given specialty during a 
given period. Thus, first anatomists and 
surgeons, then internists, then gynecol- 
ogists, toxicologists and even chemists in 
order played the most important parts. 
Very early following the application of 
Roentgen’s discovery to medicine and 
surgery the value of the information gained 
by this method as testimony was appreci- 
ated. So much confidence has been imposed 
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in this type of examination that the failure 
to study fractures by the roentgen method 
is actually held to be malpractice (and one 
might predict with safety that failure to 
obtain chest films in thoracic disease will 
soon be considered equally negligent), and 
be attended with the same liability. So we 
are justified in the opinion that this is the 
period when the roentgenologist should be 
the medical witness carrying the greatest 
influence. Unless one has practiced general 
medicine without the aid given by roent- 
gen studies, he cannot fully comprehend 
the advantages possessed by practitioners 
so assisted. A single day in a busy roentgen 
department would emphasize the very seri- 
ous limitations of the usual clinical ex- 
amination in practically all of the medical 
and surgical specialties and at the same 
time impress one with the extent and ex- 
actness of information offered by a proper 
roentgen study. Obviously an expert medi- 
cal witness testifying without roentgen in- 
formation and relying on the older methods 
is laboring under a great handicap and is 
even risking his professional reputation. 
How often have opposing witnesses ex- 
pressed the regret that they did not have 
the benefit of the roentgen findings in the 
case before taking the stand. In many in- 
stances withdrawal from the case would 
have occurred. 

The superiority of the medical witness of 
roentgenological training is being recog- 
nized by the courts, and judges have ex- 
pressed their commendation. Judge Arthur 
J. Tuttle® of Detroit, U. S. District Court 
of the Eastern District of Michigan, was 
asked to comment on the move to reform 
medicolegal practice and to state his opin- 
ion of the value of roentgen evidence. His 
answer indicated a careful study on his 
part and his observations seem unusually 
valuable. His paragraph on the roentgen- 
ologist as a witness warrants full quota- 
tion: 

The roentgenologist is an honest and satis- 
factory witness because if he keeps within his 
branch of the science he is dealing very largely 
with actual facts. His skill added to the science 
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produces the picture, and there it is in actual 
lights and shadows. The interpretation of that 
picture by the skilled roentgenologist is more 
the statement of a fact than it is the giving of 
an opinion. Speaking narrowly, we can classify 
all testimony as the giving of an opinion. The 
city chap as a witness may have only an opin- 
ion as to whether a certain growing crop is 
wheat or oats, but for the old farmer, it is 
simply the statement of a fact. Any farmer can 
tell wheat from oats. He might, of course, 
testify falsely, but he would not be likely to do 
it if the field or a good picture of the grain 
were present because if he did it would be easy 
to dispute him and he would become in dis- 
repute. To the layman the reading of the X-ray 
picture seems like the expression of an opinion, 
but to the roentgenologist, it is usually the 
mere statement of a fact. The result is that 
the roentgenologist as an expert witness tells 
what he sees and it is the truth. The lawyer is 
not likely to call him unless the lawyer thinks 
that the truth will be helpful to his side of the 
case. The testimony of the roentgenologist 
often is, in fact, helpful to the other side. The 
roentgenologists on opposite sides usually agree 
in reading the picture. The fact is, his testimony 
is governed by the facts as it should be and 
not by the wishes of the lawyer or by any 
preference for parties. | am always glad to have 
the testimony of a roentgenologist because it is 
true and so far as it is relevant it is helpful. 
In short, the roentgenologist is one of the few 
safe beacon lights for the cause of justice in its 
attempt to steer its way among the many false 
and deceptive lights which the expert witnesses 
studiously prepare and attractively display. 


A roentgenologist engaging in much 
medicolegal work finds himself appearing 
generally for the defense and for this he is 
the object of attack. I have come to the 
conclusion, after appearing in many hun- 
dreds of cases as an expert witness, that it 
is only infrequently that an honest and 
fair witness can testify satisfactorily for a 
plaintiff. The claims of so many represent 
actual fraud and the complaints of others 
are so magnified and distorted that the 
medical witness who supports them can 
find little or no justification for his testi- 
mony in support of them. 

The position of all medical witnesses 


= 
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under present conditions in courts and be- 
fore compensation boards, is always diffi- 
cult and often unsatisfactory. He finds him- 
self attempting to inform or advise one 
without any medical or other scientific 
training about a highly technical matter. 
He cannot be impartial in his testimony 
for the decision in these cases rests with 
those unable to weigh the testimony with 
intelligence or comprehension. Therefore it 
becomes necessary for one who is called to 
testify to prejudge the case before taking 
the stand. He must obtain all possible in- 
formation in order to determine in advance 
the merits of the case. Once he has decided 
that he can, with sincerity, act as a witness, 
if he is to be a factor in the case, he must 
cease to be unbiased and assume to a de- 
gree at least the rdle of an advocate. 

The position of the medical witness will 
remain unsatisfactory until such time as he 
is called by the court to advise and inform 
the court. 

Medical testimony based on roentgen 
findings is most important in those cases 
where claim is made that following injury 
there is: 

1. Loss of or impaired function of an ex- 
tremity without skeletal damage. 

2. Disturbed function following fracture. 

3. Development of arthritis following a 
single injury or trauma. 

4. Exaggeration of a pre-existing ar- 
thritis. 

5. Unfavorable influence on the course 
of general disease, such as syphilis, di- 
abetes, arteriosclerosis, parathyroid and 
other glandular disease. 

6. Development of tuberculosis or exag- 
geration of a pre-existing or latent tuber- 
culosis. 

Skeletal anomalies or skeletal changes 
of physiologic or chronologic origin that 
are interpreted as trauma. 

8. Intracranial or cranial damage in 
head injuries as a basis for chronic symp- 
toms or disability. 

g. Necessity for determination of degree 
of disability. 

1. An early roentgen observation was 
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that bone atrophy or bone demineraliza- 
tion occurred in practically all fractures or 
other conditions where an extremity was 
not permitted to function. Key*® has dem- 
onstrated experimentally that fixation of a 
normal extremity for four weeks will result 
in some degree of simple atrophy and that 
this atrophy will progress if fixation is con- 
tinued in spite of certain physiotherapeutic 
measures directed to the part. Therefore, 
if there is a claim that a plaintiff has im- 
pairment of function of an extremity to a 
degree sufficient to produce partial or com- 
plete disability, comparative study should 
be made of the two sides, and if there is no 
evidence of disturbed nutrition, such as loss 
of lime salts, one can safely assume and so 
testify that the part must have been used 
in a more or less normal manner. This ap- 
plies especially to the lower extremities 
where absence of muscles in the feet and 
the protection offered the skin by clothing 
make impossible the deductions as to func- 
tion drawn from the appearance of the 
musculature and the skin such as is done 
with the hands and wrists. 

2. A case where demonstrated structural 
damage is admitted is more difficult to de- 
fend. Those responsible for the decision are 
so impressed with the evidence of the 
trauma they fail to realize that there is a 
tendency in all tissues to healing and so- 
called Nature entirely overcomes many de- 
fects and often makes satisfactory adjust- 
ment where residual deformity is present. 

When a fracture heals without shortening 
or disalignment and without excess callus 
or calcification in the soft tissues and when 
the normal density of the bone is restored, 
one is justified in the opinion that there is 
no “basis for impaired function nor evi- 
dence of disturbed function.” 

Deformity residual from fracture may or 
may not be a basis for faulty function or 
symptoms. But complaint is justified if 
there is associated bone atrophy, excess 
callus or irritative or degenerative changes 
in the adjoining articulations or adjacent 
soft tissues. These irritative or degenera- 
tive changes include fibrosis and calcifica- 
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tion or atrophy of soft tissue and the many 
joint changes incorrectly designated ar- 
thritis. It should be emphasized that these 
complications of healing are not necessarily 
productive of symptoms but when they are 
present, one must testify that complaints 
are consistent with the findings. 

John B. Murphy once said, ““The 
term rheumatism is used as a cloak for our 
ignorance.” 
the present use of the term “‘arthritis.”” My 
antipathy to this term is dependent not so 
much on the fact that it is not scientific or 
correct as on account of the impression 
that is conveyed to the court. With what 


satisfaction the lawyer for the plaintiff 


gets into the record that his client 1s suffer- 
ing from “traumatic arthritis.” He well 
knows he will receive the sympathy and 
consideration of the court or jury. I am not 
including in this present discussion those 
occasional cases of tuberculosis or other 
specific infections of a joint which follow 
injury. I am considering that large group 
in which following injury complaint is 
made of subjective symptoms or impaired 
function, and roentgen examination reveals 
one or more of the several bone or cartilage 
changes observed in true arthritis. I hold 
that a single trauma does not induce ar- 
thritis, that a joint which suffers trauma 
undergoes certain alterations which are to 
be explained by circulatory changes, local 
damage either to the soft tissues or to the 
cartilaginous and bony structures. These 
changes may in a general way resemble 
those of a true arthritis, but they differ es- 
sentially and should be classed as repara- 
tive, irritative or degenerative in character. 
It is their clinical significance that is con- 
sequential. As changes incident to healing, 
irritation or wear and tear they are unim- 
portant except, of course, for the immedi- 
ate results. They are not concerned with a 
general disease such as arthritis. 

4. Of almost equal satisfaction to the 
prosecution is testimony that a claimed 
trauma has unfavorably influenced a pre- 
existing true arthritis. | hold to the view 
that the influence is but temporary—TI am 
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willing to concede that a diseased joint is 
prone to injury, that symptoms incident 
to injury to such a joint may be aggravated 
and that healing may be prolonged. But 
when recovery from the i injury is complete, 
the arthritic process continues unchanged. 
This, of course, does not include those cases 
in which the joint has been structurally 
damaged by the injury (knee). 

Cases involving injury to the spine and 
pelvis deserve particular attention, both 
on account of their frequency and the very 
constant abnormal condition demonstrated 
by roentgen study of these structures. Ex- 
perienced roentgenologists admit their in- 
ability to detect tissue change incident to 
acute low back strain or sacroiliac strain, 
yet such a clinical diagnosis is often sup- 
ported by the demonstration of bone and 
joint changes in no way associated with the 
injury. Bone spurs and bone scleroses are 
observed at the sacroiliac articular margins 
with complete absence of symptoms and 
even degeneration of a sacroiliac joint to 
the degree of complete cartilaginous de- 
struction, and fusion occurs with no symp- 
toms whatever referable to the part. This 
for the reason that such changes are physi- 
ologic and comparable to the so-called 
hypertrophic spine changes. Similarly, a 
clinica! diagnosis of fracture or other injury 
to the spine or spinal arthritis can usually 
be confirmed by roentgen study if the find- 
ings are misinterpreted. 

To the uninitiated or the unscrupulous 
every narrowed or otherwise deformed 
vertebral body represents a compression 
fracture but to the well informed many 
conditions are suggested. He recognizes 
anomalies, changes due to early nutritional 
disturbance and to early disease of the in- 
tervertebral cartilage or changes due to 
some glandular dysfunction. The former 
will be willing to admit that the deformity 
will always explain symptoms referable to 
the back while the latter will question the 
clinical importance of the deformity unless 
it is associated with tissue change indica- 
tive of chronic irritation. And in an ad- 
mitted compression fracture of a vertebral 
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body the former will continue disability in- 
definitely while a wise roentgenologist will 
determine when healing is complete and 
disability is concluded. 

To be more specific, when a compression 
fracture of a vertebral body heals without 
disalignment of the spine or impairment of 
the canal, with intervertebral cartilages 
preserved above and below, without scle- 
rosis of the body margins or calcification in 
any of the ligaments, then healing is com- 
plete and there is no basis for symptoms 
and no evidence of disturbed function. But 
if the fracture is associated with some dis- 
alignment causing stress on the posterior 
facets, if adjacent cartilages are narrowed 
or if there are nucleus pulposus pressure 
defects, or if there is a progressive sclerosis 
or calcifications, then under these condi- 
tions there is a basis for symptoms and evi- 
dence of disturbed function and some dis- 
ability should be conceded. 

5. Many cases are brought to trial on 
the basis that injury has instituted, hast- 
ened or aggravated certain general or con- 
stitutional diseases such as arteriosclerosis, 
diabetes, Paget’s disease, syphilis or malig- 
nancies. The same conditions obtain as in 
arguing trauma and arthritis. The causes 
of arteriosclerosis and the underlying path- 
ological basis for diabetes and Paget’s and 
other similar bone and joint diseases can in 
no way be influenced by injury. Trauma 
is largely mechanical in its effect and there 
is in every cell and structure a natural 
tendency to survive, to recover and to con- 
tinue its function and every complex or- 
ganism has capacity for adaptation to struc- 
tural defects. This inherent capacity of all 
body cells in no way resembles the various 
pathological processes mentioned and their 
union to produce certain results seems 
most improbable. Exceptions should be 
made in the case of localized syphilis and 
in certain malignancies. But here several 
peculiar conditions must be complied with, 
as the development of a luetic lesion at the 
site of injury, as a Charcot joint at a frac- 
ture or dislocation or gumma formation at 
the point of soft tissue injury. In order to 
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establish injury as an etiologic factor in a 
malignant tumor, the four well-known 
rules of Ewing must prevail. On account of 
these rare exceptions, many unjust deci- 
sions are made. Those charged with the de- 
fense of these cases cannot educate judge 
or jury in these highly complicated subjects 
in a few hours. As in many other instances, 
sequence of events is mistaken for cause 
and result or effect. 

The only true forms of traumatic tu- 
berculosis are the inoculation tuberculosis 
and the acute miliary tuberculosis. The 
first form includes such conditions as 
butcher and pathologist’s wart and cases 
in which there is a direct implantation 
through an injury to the skin. The second 
form occurs as an immediate sequel to in- 
juries to a tuberculous focus when by dam- 
age to blood vessels in the region of tu- 
berculous lymph glands or testes, or a 
tuberculous joint, the organisms released 
by the trauma find their way into the blood 
stream. In pulmonary tuberculosis there 
can be no true causal relationship with 
trauma and whatever association exists 
is of the indirect form. No satisfactory de- 
fense can be set up in cases in which it is 
claimed that a serious injury producing 
constitutional disturbance and debility has 
caused or aggravated pulmonary tubercu- 
losis. While there is no scientific support 
that a relatively unimportant or even 
moderately severe injury to the chest in 
any way affects a pulmonary lesion or can 
induce one, yet many suits are instituted 
claiming causal relationship or aggrava- 
tion. The establishment of a defense for 
such cases is difficult for the reason that 
numerous phthisiologists of good repute 
readily admit the baneful influence of in- 
jury or the influence of unfavorable condi- 
tions associated with employment. Such 
conclusions were formulated in pre-roent- 
gen days or without the knowledge of the 
disease gained through roentgen study. 

One who has observed the modern treat- 
ment of tuberculosis involving the fre- 
quent introductions of air into the pleural 
cavities, the severance of pleural adhesions 
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by the use of several methods or the more 
or less extensive intentional damage to the 
thoracic cage could hardly give assent to 
the view that contusions to the chest or 
simple fracture of one or more ribs would 
have anything but a helpful influence on a 
pre-existing pulmonary lesion. The single 
possibility of serious consequences of in- 
jury to a tuberculous chest is the occasion 
of lung rupture or hemorrhage which might 
result in a bronchogenic spread of the dis- 
ease. It would appear that in the absence of 
this condition, any injury to the thoracic 
cage would be favorable rather than other- 
wise, for such trauma would bring about a 
condition of rest which is the aim of all 
active therapeutic measures. 

7. Roentgenological expert witnesses 
have frequent occasion to testify that vari- 
ous skeletal abnormalities have their origin 
in anomalous development and not in 
trauma, and that other bone and joint 
changes are racial, chronological or occu- 
pational in their derivation and do not 
represent actual injury or disease. Such 
conditions in the spine, so mistaken, in- 
clude “‘block vertebrae,” intercalations, 
spina fissa or bifida, separate centers of os- 
sification for posterior articular facets and 
lumbar ribs as examples of anomalies. The 
chronological and occupational vertebral 
changes include the calcification of liga- 
ments and cartilages, variation in general 
vertebral body contour and localized de- 
fect in body margins from nucleus pressure. 

8. Cranial injuries constitute a group 
which are the most difficult. Accurate de- 
termination of the exact tissue damage by 
trauma is often impossible and estimation 
of disability induced by impaired mental 
or psychic reactions is most unsatisfactory. 

In cases of head injury a negative report 
for fracture is significant but a witness 
must admit that brain damage or subdural 
hemorrhage may be present in the absence 
of fracture. Such complications of head in- 
jury are not demonstrable by the ordinary 
roentgen study for a period following the 
injury, but months later one can hope and 
expect to demonstrate secondary changes 
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such as a pressure defect on the inner table 
from cyst, various calcifications and distor- 
tions and variations in blood vessel mark- 
ings. If none of these findings are shown by 
the later study one can seriously question 
important intracranial or brain damage. 
But where symptoms are severe and much 
is at stake, the roentgenologist should in- 
sist on a more complete head study using 
encephalography and ventriculography. By 
this method dural adhesions, brain atro- 
phies and other structural damages are 
demonstrated. With such information more 
competent opinions can be offered and 
— better served. 

A very frequent question asked the 
ssdiihiaaias expert is the degree of disability 
resulting from a given injury or other path- 
ological condition. I believe he is peculiarly 
competent to give testimony in this re- 
gard. He has learned from the most inti- 
mate association with injuries made avail- 
able to him by his accurate and almost 


microscopic records (the roentgen film) of 


the progress of healing and the develop- 
ment or regression of complications, and 
the extent and degree of residual damage. 
The clinician has to be guided by the pa- 
tient’s subjective complaints and he ex- 
amines his patient impeded by resistance 
and often deceit but the roentgenologist 
has in his method evidence not so influ- 
enced. Furthermore, his constant associa- 
tion with injuries in all their stages de- 
velops in him an ability to determine from 
his findings what degree of disability is to 
be expected and he possesses in his method 
a means of controlling clarms of 1mpaired 
function in his attention to bone nutrition. 
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DISCUSSION 
Dr. Epwarp H. SkInNER, Kansas City, Mo. 
| have been much canavenned in the historical 
sequence of expert testimony and _ forensic 
medicine, as outlined by Dr. Evans, but I am 


equally interested in one particular phase of 


medicolegal practice which depends upon the 
attitude of a nation toward a problem. Un- 
doubtedly many of you are connected with 
Veterans Bureaus or engaged in the examina- 
tion of patients who are now seeking resuscitate 
claims for alleged damage to their mind and 
body during the World War. Because the 
United States decided that she would recognize 
functional disability in addition to organic in- 


juries we have among us a great number of 
these functional and pyschiatric derelicts of 


England and .France decided very 
promptly, and before a huge amount of taxa- 
tion was to support it, that there 
would be no compensation or pension for any 
war injury except a positive anatomica! condi- 
tion or disease in line of duty; that functional 
yr psychic disability would not be recognized. 

Now that was a remarkable and wonderful 
thing, and I think that we as a nation are suffer- 
ing from a large amount of taxation due to 
functional nervous conditions and to the in- 
ability of physicians to agree upon the degree 
of psychic or functional disability. 

As roentgenologists we do not have very 
much to do with functional nervous disorders 
because we are engaged in the display of in- 
juries as they are depicted through physical 
laws and attempt to present visual evidence. 
It is very confusing indeed to appear before a 
jury as a witness for the defendant when al- 
ready that jury has been thoroughly convinced 
by anybody who presents the plaintiff’s x-ray 
exhibit that this plaintiff has a justifiable and 
reputable injury. Undoubtedly a majority of 
the members of the American Roentgen Ray 
Society will find themselves when 
aligned with the defense rather than with the 
plaintiff, and that is perfectly natural in a 
democracy enjoying a legal profession without 
code or restraint. 

Medicolegal roentgenology enjoys two dif- 
ferent viewpoints. One has an entirely different 
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problem with the railroads than with the in- 
surance companies or with the industrials. 
There is a great deal of difference in dealing 
with an industry that carries its own insurance 
and is looking out for its employees, than with 
an insurance company that is trying to save 
money in the settlement of claims. 

A satisfactory situation from the medico- 
legal standpoint is with the railroad, because 
one finds they are in the class of industrials who 
try to take care of their employees in the most 
equitable manner. The insurance company with 
its type of claim agent who chisels on your fees 
in the same way he does upon claimants is a 
far different personality with whom to deal. 

The preventive roentgen measures for medi- 
colegal practice are becoming more and more 
valuable. The preventive roentgen examina- 
can afford all industries that employ 
heavy labor (where there is any stress or strain 
upon the back especially) and all railroads ex- 
cellent medicolegal service. Routine, simple 
chest and spine examinations should be a part 
of Jevery physical examination. Especially the 
dusty industries should engage in the prelimi- 
nary examination of all of their employees in 
order to save them the huge medicolegal wear 
and tear in the ultimate settlement of actual, 
deferred or anticipated pneumoconiosis. 

It is difficult to satisfy myself regarding the 
practical application of a court commission 
wherein a group of physicians may get together 
and decide among themselves what they think 
the true aspect of an industrial claim really is. 
The political aspect in court selections may not 
be as fine and as reliable as we might hope 
them to be. It sometimes seems that the ap- 
pointments of physicians by the court judge for 
impartial examinations depend on the friend- 
ship or the political influence of the physician 
rather than a choice from a qualified list that 
might be arranged by a county medical society. 

I am thoroughly convinced that a method 
of combination between courts or between 
government and county medical societies is 
the best method of contact. The county medi- 
cal society, while it is a political unit, will at 
the same time serve as a check upon itself, and 
so any panel suggested by a county medical 
society who might serve as experts would be a 
fair list, although quite inclusive 


tions 


I am more concerned in the speed of justice 
than methods of application. The delays which 
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we have through the claim agents of the in- 
surance companies or through the plaintiff’s 
lawyers, are far more responsible for the wear 
and tear of justice than anything else. The 
speed of justice is the thing. Just recently I was 
on a defendant’s side of a case wherein spinal 
fractures were alleged. When I got off the stand 
and asked the voluble plaintiff's attorney : 
is it you are not showing your usual astute- 
ness in this case?” he said, “‘Well, I think I 
took it to court too soon.”’ And that is exactly 
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the truth, that this speed of justice will serve 
to eliminate many of these claims for damage 
to the skeletal frame which we record upon 
roentgen films. If there is a matter of one, two 
or three years between the accident and the 
time we are examining the plaintiff, we are ‘not 
nearly so sure of the character or chronology of 
the roentgen display of skeleton outlines. If we 
see that case within a few months, we can 
decide far more readily. So I have more hope 
for relief in speed of justice than in the method 
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THE BIOLOGICAL MEASUREMENT OF DEPTH DOSAGE 
WITH 165 KV. AND 650 KV. ROENTGEN RAYS* 


By P. S. HENSHAW, Pu.D., and D. S. FRANCIS, Pux.D. 


From the Biophysical Laboratory, Memorial Hospital 
NEW YORK CITY 


(>= OF the perplexing questions which 
confronts the radiologist at present 
is whether depth dosage measurements as 
made with ionization chambers actually 
characterize or tell him anything of the bio- 
logical responses to radiation which will be 
obtained at different depths in tissue. 

The softening or increase in wave length 
of radiation as it passes through a scatter- 
ing medium such as tissues is well known. 
Thus, a beam of rays having a certain 
quality at the surface of a tissue mass may 
have quite a different quality at various 
depths. Because of repeated scatterings, 
some of the radiation becomes very soft 
and can penetrate only a short distance 
into the medium. This has led to the sug- 
gestion that some very soft radiation is 
present in tissues which may be biologi- 
cally effective, but which cannot pass into 
and be detected by an ionization cham- 
ber. 

In an attempt to investigate this prob- 
lem, intensity measurements of 165 kv. 
and 6s0 kv. roentgen rays have been made 
with two biological materials and with an 
ionization chamber. In order to obtain a 
scattering medium somewhat analogous to 
the condition in therapy, paraffin was used 
and measurements were made at the sur- 
face and at various depths. The results ob- 
tained will be presented in such a way that 
the various depth intensities can be com- 
pared. In experiments of the type carried 
out, unexpected errors are likely to arise 
due to peculiarities of treatment, arrange- 
ment of apparatus, etc. Accordingly, a 
fairly full account will be given of the 
factors considered in this work. Before pre- 
senting the results, the test objects, sources 
of radiation and methods of treatment 
employed will be described. 


MATERIAL 

Wheat Seedlings. In this organism (Triti- 
cum vulgare) retardation of linear growth 
of embryonic parts was the irradiation 
effect observed, the methods of handling, 
treatment, etc., being essentially the same 
as those described previously.':? The wheat 
was of the variety Kota, obtained from 
South Dakota Agricultural Experiment 
Station. Germination was induced by soak- 
ing seeds for thirty minutes in tap water 
and then transferring them to moist cham- 
bers. The germination time before treat- 
ment was eighteen hours. The temperature 
was maintained at 26° C +2. For treatment 
the organisms were arranged evenly on 
moist filter paper and placed in the po- 
sitions for exposure which will be described 
later. At the time of treatment the growing 
parts were just beginning to burst through 
the seed coat. After treatment the irradi- 
ated organisms, with controls, were kept in 
suitable moist chambers for forty-eight 
hours. At the end of this time the length 
of the organs was measured and expressed 
in percentage growth of the controls. The 
organs considered were the coleoptile, leaf, 
primary root and Jateral roots. (In the 
earlier reports,'!? the terms sheath, shoot, 
primary root and secondary roots respec- 
tively, were used, to describe the same or- 
gans. The new terminology is more in ac- 
cordance with that used in botanical litera- 
ture.) 

Drosophila Eggs. Percentage of eggs sur- 
viving to the hatching stage was the effect 
studied in this form. The species from 
which the eggs were obtained was Droso- 
phila melanogaster. The technique em- 
ployed in collecting and handling the eggs 
was much the same as that used by our- 
selves previously* and by Packard,‘ and 


* Read at the Thirty-fifth Annual Meeting, American Roentgen Ray Society, Pittsburgh, Pa., Sept. 25-28, 1934. 
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others. Eggs were collected from actively 
laying flies during a two hour period. 
Treatment was begun fifteen minutes later 
and completed within forty-five minutes. 
These time intervals were carefully fol- 
lowed, for it has been found* that the 
organisms change in susceptibility to radia- 
tion during early development and thereby 
modify the results obtained if the intervals 
vary. To insure strictly comparable con- 
ditions where comparisons were being 
made, experiments were not performed un- 
less the comparison could be made at the 
same time on different parts of the same 
collection of eggs. 

lonization Chamber. Physicists, in in- 
vestigating secondary radiation, have de- 
signed special ionization chambers for the 
purpose. Failla and his coworkers,°® of this 
laboratory, used small spherical chambers 
having different wall thicknesses and made 
of celluloid, aluminum, copper and lead. 
The chamber used in our work was one of 
this series, Chamber A, the wall of which 
was celluloid 1.4 mm. thick. It was selected 
because it was more like the ionization 
chambers which have ordinarily been used 
in making depth dosage determinations. 


SOURCES OF RADIATION 


The 165 kv. roentgen rays were obtained 
from a Coolidge water-cooled tube with a 
tungsten target. The conditions of treat- 
ment were as follows: 165 kv., 32 ma., 61.5 
cm. distance (surface of paraffin), 111 sq. 
cm. field (surface of paraffin), 10.5-10.5 
cm. diaphragm at 60 cm. distance, 1.51 
mm. Cu, 0.50 mm. Al, 2.50 mm. celluloid, 
filter at 35 cm. distance, 2.00 mm. celluloid 
filter at 60 cm. distance. 

The 650 kv. roentgen rays were obtained 
from the cascade tube which was designed 
and built by Coolidge, Dempster and 
Tanis®? and which was kindly loaned to 
the Memorial Hospital by the General 
Electric Company. Details of the tube as 
used here are given in a previous report.® 
The conditions of exposure were as follows: 
650 kv., § ma., 61.5 cm. distance (surface 
of paraffin), 111 sq. cm. field (surface of 
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paraffin), 10.5 X10.5 cm. diaphragm at 60 
cm. distance, 2 mm. celluloid filter at 60 
cm. distance. 

The two types of radiation were adjusted 
to have the same intensity, the measure- 
ments being made with the ionization 
chamber exposed in air. Thus the same 
quantity of radiation (measured in this 
way) was delivered for the same duration 
of exposure in each case, thereby eliminat- 
ing time factor differences during exposure. 
During the course of the work it was found 
that the type of diaphragm used tended to 
modify the depth doses obtained. Accord- 
ingly, to overcome this condition, the dia- 
phragm which was normally part of the 
650 kv. equipment—a truncated pyramid 
made of lead—was transported to the 165 
kv. equipment and used in the same way 
at the same distance as in the 650 kv. 
equipment. The two beams were therefore 
limited by the same structure and any pe- 
culiarities arising from the structure should 
have been the same in each case. Because 
of the construction of the 650 kv. tube, 
the target served also as a filter for the 
beam of rays; it has been estimated to be 
the equivalent of 5 mm. of copper. In 
addition to this, 1 mm. of aluminum (part 
of an electrometer apparatus) was inter- 
posed in the beam near the target. The 2 
mm. of celluloid filter mentioned above 
was attached to the diaphragm. This then 
was transferred and made a part of the 
165 kv. set-up. The other piece of celluloid 
(at 35 cm. distance) really was not neces- 
sary when the second celluloid filter was 
present; it was used, however, because the 
filter (at 35 cm. distance) had certain 
known characteristics which we did not 
wish to change. 


METHODS AND PROCEDURE 


As has been stated already, the organ- 
isms were treated at the surface and at 
various depths in a large paraffin block or 
phantom. This was composed of a series 
of solid paraffin disks 3.1 cm. thick and 30 
cm. in diameter. Shallow cavities just large 
enough to hold the organisms being treated 
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were excavated out of the surface of the 
upper disks. The samples of test material 
were placed in the excavations as shown 
in Figure 1 and all those for a given ex- 
periment were irradiated together. Usually 
a large number of organisms were placed 
at the surface so that several different ex- 
posures could be given. With the data so 
obtained it was possible to plot curves 
showing irradiation effect as a function of 
dosage (minutes exposure). Such curves 
will be called key curves since other results 
will be referred to them. 
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each case. This made it possible to plot 
curves showing how the intensity varied 
as a function of depth in the scattering 
medium. Such curves will be spoken of 
simply as depth intensity curves. 

The ionization chamber, Chamber A, 
was placed at the same depths in the par- 
afin phantom and intensity determinations 
made for all the conditions used in the 
treatment of biological material. Thus 
when the experiments were completed, it 
was possible to plot depth intensity curves 
for intensities as measured with the ioniza- 


Fic. 1. Photograph showing 


For practical reasons it was impossible 
to obtain similar curves for the various 
depths. Accordingly, the following pro- 
cedure was employed to obtain the re/ative 
effects produced at the different levels. 
Enough organisms were placed at each 
depth to give one well-defined point on a 
curve if the results were arranged as for 
the key curves. The exposure was the same 
for all samples below the surface, irrespec- 
tive of the depth, and was the same as the 
maximum exposure given at the surface. 
The degree of effect obtained in each case 
was then referred to the key curve to find 
how much exposure would be required to 
produce a corresponding effect if irradiated 
at the surface. The ratio between the actual 
exposure time at the respective depths and 
the equivalent exposure time at the surface 
gave a measure of the relative intensity in 


the paraffin phantom as used. 


tion chamber and with two biological test 
objects—Drosophila eggs and wheat seed- 
lings. 


EXPERIMENTS 

The experiments with the ionization 
chamber will be given first. In Figure 2 are 
two curves which show the depth intensi- 
ties obtained with 165 kv. (Curve c) and 
650 kv. (Curve 4), and a curve (Curve a) 
which shows how the intensity would vary 
if the inverse square law applied. The latter 
curve shows what the intensity would have 
been if the radiation came from a point 
source and was not influenced by limiting 
walls or scattering media. 

If the paraffin interposed between the 
source of radiation and the points under 
consideration acted only as an absorbing 
medium, the ionization curves would be 
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expected to drop away from the inverse 
square law curve from the beginning. It 
will be seen instead that they tend to coin- 
cide for the shallower depths, which in- 
dicates that the absorption is compensated 
for by the secondary or back-scattered 
radiation. Beyond the first few centimeters 
depth, however, the ionization curves drop 
away very rapidly. This is due to the fact 
that most of the secondary radiation pro- 
duced at any point cannot travel far in the 
scattering medium. 
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and in particular that a filter of more than 
I.§ cm. copper was used in case of the 
165 kv.* 

We shall now proceed to see what results 
are obtained when biological measurements 
of intensity are made. Complete data for 
one type of radiation (165 kv.) and one 
test object (Drosophila eggs) will be given 
to illustrate how the depth intensities were 
obtained. After that only the depth in- 
tensity curves will be given. 

Samples of Drosophila eggs were col- 


100 


80 


60 


40) 


20) 


Percentage Effect at Surface 


Cm Depth 


2 4 6 


8 10 12 


Fic. 2. Depth intensity curves (4 and c) as measured with the ionization chamber; 
Curve 4 is for 650 kv. and Curve ¢ for 165 kv. Curve a shows how the intensity 
would vary if only the inverse square law applied. 


By comparing Curves 4 and c it is seen 
that, for the conditions used, the relative 
depth intensities are approximately the 
same in each case. Greater depth intensities 
are obtained with 650 kv. only beyond the 
general region of 5 cm. and even then the 
increase over 165 kv. is not large. On the 
basis of such measurements of intensity, 
it must be said that any marked clinical 
advantages obtained with the higher volt- 
age radiation cannot be attributed to 
greater depth intensities. In consideration 
of this observation, however, it should be 
borne in mind that a distance of more than 
60 cm. and a field of only slightly more 
than 100 sq. cm. was used in each case, 


lected and prepared as described above 
and then arranged for treatment. Seven 
samples were placed on the surface of the 
paraffin phantom and one at each of the 
depths used. After the exposure was begun, 
one sample was removed from the surface 
after each five minute interval, making the 
longest exposure thirty-five minutes. At 
the end of this time all of the remaining 
samples were removed and the effect 
measured as described. The results are 


* Further, if these results are to be compared with Failla’s, 
obtained with the same chamber, it should be remembered that 
his surface value was taken with the chamber completely sub 
merged, while ours was half submerged; also that he used water 
instead of paraffin as a scattering medium, a 400 sq. cm. field 
and so cm. distance. 
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TABLE 


PERCENTAGE EGGS HATCHING 


Cm. Depth Surface 
Min. Exp. : 
I Cont. 
Test 
I 77 51 35 21 
2 Q4 83 SI 36 23 
3 94 83 54 30 20 
4 95 gl 46 256 18 
5 93 84 63 37 22 
6 93 84 $3 40 21 
\v. 94 84 53 34 22 


shown for six experiments in Table 1.* 
Those obtained at the surface are plotted 


25 30 35 35 35 35 35 35 
17 12 33 8 11 30 29 66 
13 14 9 9 II 27 40 74 
17 8 10 |} 9 1g 34 38 ti 
11 6 3 8 11 23 33 61 
26 12 10 | 7 7 36 37 64 
12 9 II 1S 18 20 
16 10 8 9 13 28 33 69 


key curve, mentioned above, for Drosophila 
eggs. The various survival values obtained 
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Fic. 3. Curve for Drosophila eggs showing percentage survival as a 
function of dosage. 


in Kigure 3, showing the percentage sur- 
viving as a function of dosage. This is the 


* All six experiments were performed on the same day and 
under same conditions as nearly as possible. The first three were 
performed on the same collection of eggs and the last three on 
another collection, the last three following the first three two 
hours later, approximately 12, eggs being used. It seemed 
advisable to carry out the experiments at as nearly the same time 
as possible, since, in our hands, the results obtained with Droso 
phila eggs on different days tend to vary considerably. In work 
presented previously® we have shown this to be due mainly 
to the fact that the organisms change markedly in susceptibility 
during early development and that part of the factors which 
regulate the age of the samples (rate of laying and temperature 
during handling and treatment) are not controllable. 


at the different depths were then referred 
to the key curve and the duration of ex- 
posure found which would be required to 
produce a comparable effect at the surface 
(equivalent exposure time). Thus, for ex- 
ample, if it were found that twenty min- 
utes’ exposure at the surface would produce 
as much effect as thirty-five minutes at a 
certain depth, the percentage ratio of these 
two values (20/35=57) would give the 
relative intensity of the radiation at the 
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depth in terms of that at the surface taken 
as 100. Such a set of values, averaged for 
six experiments, is shown in Table 11. 
These are plotted in Figure 4, Curve d 
(depth intensity curve). 


Taste II 
DEPTH DOSAGES IN PARAFFIN IN TERMS OF THE EFFECT 
PRODUCED AT THE SURFACE 
(165 KV. Drosophila EGGS) 
iPercentage 


Cm. De 
m. | epth Depth Dosage 


2.¢ gl 
3-7 77 
6.38 46 
9-9 

13 21 


A similar depth intensity curve for wheat 
seedlings is shown in the same figure, Curve 
e. This was obtained in the same way ex- 
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in Table 111. Accordingly, averaged values 
were computed and these are plotted as 
Curve e, Figure 4. Curve c in Figure 4 is 
for ionization and is the same as Curve ¢, 
Figure 2. 

Taste III 


DEPTH DOSAGES—WHEAT SEEDLINGS, 
165 KV., PARAFFIN 


RELATIVE 


Cm. (Sur- 
6.8 9.9 12 

Depth face) 
Cy leoptile 100 71 63 43 33 27 
Leaf 100 638 67 43 3 26 
P. root 100 78 71 40 28 24 
L.. root 100 73 638 42 25 

Av. 100 73 68 42 3 25 


With this arrangement of the data it 1s 
possible to compare the intensity measure- 
ments made with the different test objects 
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Fic. 4. Depth intensity curves for 165 kv. Curve c is for ionization, Curve d for 
Drosophila eggs and Curve e is for wheat seedlings. 


cept for one particular. It will be remem- 
bered that the effect in this organism was 
measured in four organs. Key curves were 
obtained for each of these, and although 
their shape was different in each case the 
relative depth intensity indicated by each 
organ was nearly the same as may be seen 


for 165 kv. and determine whether the 
biological measurements parallel those 
made with the ionization chamber. It will 
be seen that the depth intensity points ob- 
tained with the living material tend gener- 
ally to fall below those obtained with the 
ionization chamber; and, further, that 


= 


VoL. 34, No. 6 


those for wheat seedlings fall below those 
for Drosophila eggs. This indicates that 
the ionization chamber, instead of detect- 
ing less radiation than the living material, 
actually detects more. However, before 
discussing these findings and before giving 
the results for 650 kv., the reliability of the 
data as presented will be considered. 

By reference to the key curve for 
Drosophila eggs (Fig. 3), it will be seen 
that the equivalent exposure times for the 
shallower depths were read from the lower 
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from the flat portion. When this was done 
the depth intensity points obtained fell 
slightly below those shown in the figures. 
It seems, therefore, that the Drosophila 
egg points tend definitely to fall below 
those for air ionization. For wheat seedlings 
the difference is still greater and it may be 
said briefly that no shifting of the curves 
within the experimental points has been 
possible which will cause the results to 
coincide with those for ionization or even 
for Drosophila eggs. It will be seen, how- 
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ic. 5. Depth intensity curves for 650 kv. Curve 4 is for ionization, curve / for 
Drosophila eggs and curve g for wheat seedlings. 


part of the curve. Since the curve is nearly 
flat in this region, any small shift in its 
position among the points or small varia- 
tion in the reference value would cause the 
equivalent exposure value to vary consider- 
ably. Thus, with this possibility and with 
the depth intensity point for 10 cm. depth 
falling slightly above the ionization curve 
(Fig. 4), it seemed rather doubtful whether 
there was a real difference after all between 
intensities determined with the ionization 
chamber and Drosophila eggs. However, 
other experiments were performed in such 
a way that the equivalent exposure values 
for the shallower depths were read from a 
steeper portion of the key curve rather than 


8 10 12 


ever, that the experimental points as 
shown for both materials are slightly ir- 
regular, making the course of the curves 
somewhat uncertain. But this, fortunately, 
does not concern us here. The fact that the 
points obtained with the biological ma- 
terial fall well below those for air ionization 
makes it clear that the biological measure- 
ments do not parallel the 
measurements. 

Kigure 5 shows the depth intensity 
curves for 650 kv. Curve 4 is for ionization 
and is the same as Curve 4, Figure 2. Curve 
f is for Drosophila eggs and Curve g is for 
wheat seedlings. 

By examining the two sets of depth in- 
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tensity curves, two important facts may 
be noted: (1) For both types of radiation 
the biologically determined points tend to 
fall below those determined with the ion- 
ization chamber. (2) The points for wheat 
seedlings tend to fall below those for 
Drosophila eggs. Thus it is clear that for 
both 165 kv. and 650 kv., relatively more 
radiation is detected by the ionization 
chamber than by Drosophila eggs or wheat 
seedlings. While this is important, it is 
perhaps of greater significance clinically 
to know that different biological responses 
to radiation do not take place by the same 
relative amount under various conditions. 

The experiments demonstrate again the 
necessity of using different methods and 
test objects when measuring radiation in- 
tensities under different conditions. Failla’s 
study® has shown how varying results are 
obtained when different kinds of ionization 
chambers are used. Also, Quimby’s work 
with the so-called mesh type ionization 
chamber* demonstrates the presence of 
secondary radiation at the surface of a 
scattering medium which has not hereto- 
fore been detected. 

Attention should be called to the fact 
that the results as presented are based on 
the effects produced at the surface, being 
equal (100 per cent) in each case. This, 
however, may not be the case. It is entirely 
possible that the main discrepancies ob- 
tained by using the different methods of 
measurement were obtained at the surface. 
It is here that the walls of the ionization 
chamber become such an important factor. 
This, however, does not modify the fact 
that the different test objects detect the 
radiation in a different way in each case. 
If it should be found that the discrepancy 
is mainly at the surface, the results would 
merely indicate that the wheat seedlings 
detect the greatest amount of radiation at 
this point, the Drosophila eggs next and 
the ionization chamber last. 

The fact that the separation between the 
curves in Figure 5 is greater than that 
shown in Figure 4 should be commented 
upon. At first this might be interpreted to 
mean that per unit of ionization 650 kv. is 
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relatively less effective biologically at the 
points beneath the surface and accordingly 
that no clinical advantage would be ob- 
tained by using the shorter wave length 
radiation. This is not necessarily true, how- 
ever, for two reasons. The first depends 
upon whether the discrepancy in measure- 
ment is greater at the surface or at the 
depths, as just mentioned. The second 
depends upon the relative response of the 
tumor and normal tissues in obtaining the 
clinical result. It is entirely possible that 
the tumor and normal tissues may bear a 
relationship to each other with respect to 
radiation effect which would give the most 
favorable clinical response when the higher 
voltage radiation is used. The present in- 
vestigation does not give information on 
this question. 
SUMMARY 

Depth intensity measurements in _ par- 
affin have been made with 165 kv. and 650 
kv. roentgen rays using wheat seedlings, 
Drosophila eggs and an ionization chamber. 
It was found not only that the biological 
measurements were different from the ion- 
ization measurements made, but that the 
biological measurements differed among 
themselves at different depths. 

When the effect at the surface was taken 
as 100 per cent in each case the ionization 
measurements at points below the surface 
were found to be above the biological 
measurements for both 165 kv. and 650 kv. 

These results, therefore, indicate the pos- 
sible error which may be encountered in 
basing biological depth dosages on meas- 
urements made with an ionization chamber. 

Further, they show how biological re- 
sponses to radiation may vary when ex- 
posed under different conditions. 

We wish to express our indebtedness to Dr. G. 
Failla in cooperation with whom the work was car- 
ried out. His suggestions and interest during the 
course of the work have been invaluable. 
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DISCUSSION 

Dr. F. C. Woop, New York City. The prac- 
tical object of surface and depth dose measure- 
ments is to determine the biological dosage of 
radiations in a given bulk of tissue. It is there- 
fore logical to use biological test objects for the 
purpose. Enough work has already been done 
to show that this method is capable of giving 
accurate results, but it is slow and difficult. 
Thimble chambers are much easier to use, and 
most measurements are made with them. For 
example, see the extensive tables published by 
Grebe and Nitzge (Sonderbande zur Strahlen- 
therapie, Band XIV, 1930), yet these tables do 
not agree with the most recent ones published 
by Holthusen. 

But, as Dr. Henshaw also points out, the 
various thimble chambers may not give cor- 
rect answers since they cannot measure equally 
the intensities of all wave lengths from the 
hardest to the softest rays. The advantage of 
Drosophila eggs in this connection is discussed 
in Radiology, 1929, 7}, 441 and 1933, 2/, 123. 
At a depth of 10 cm. a large proportion of the 
energy is in the form of scattered rays some of 
which are undoubtedly very much softer than 
the primary beam. We cannot assume that 
the thimble chamber responds to these in the 


same way that it responds to harder rays. Nor 
can we say that it correctly measures the in- 
tensity in air of the hard rays produced at 650 
kv. Dr. Henshaw apparently has not measured 
the latter by means of the eggs or seeds, so a 
comparison between the two beams cannot 
safely be made. 

The choice of a scattering medium is also 
important. Water is the best medium because 
it most nearly resembles tissue in its absorb- 
ing and properties. Liquid and solid paraffin 
are different from water, as Jacobi and Liechti 
have shown for a range from 50 to 180 kv. 
The wave length of the scattered radiation 
from paraffin and water varies by 10 per cent 
at 150 kv. There are also great variations in 
the intensity of the back-scattering between 
the two substances. How paraffin compares 
with water under the 650 kv. radiation is not 
known. This point must be investigated before 
we can draw conclusions regarding the magni- 
tude of the depth dose of these rays in tissue. 

Depth doses are usually expressed as per- 
centages of the surface dose. While this is con- 
venient for the therapist, it is of less value to 
the experimentalist who wants to know the 
actual intensities under different conditions of 
exposure, and to draw his own conclusions as 
to their significance. Such tables would give 
the actual number of roentgens at various 
depths up to 10 cm. compared with the num- 
ber of roentgens in the primary beam in air. In 
all cases the crude data should be given as fully 
as possible so that they can be submitted to 
statistical analysis. For example, as Dr. Hen- 
shaw points out at the end of his paper, his 
data do not show whether the observed differ- 
ence between the egg reaction and the dosim- 
eter should be interpreted as an excessive 
measurement by the chamber at a depth, or as 
a deficient measurement at the surface. 

Dr. HeEnsHAw (closing). I wish to thank Dr. 
Wood for his very constructive suggestions. 
One point came up, however, which I should 
like to consider further. Dr. Wood thought it 
unfortunate that we found a discrepancy in re- 
sults obtained with wheat seedlings and Droso- 
phila eggs. But is it not true that tissues of the 
human body may respond differently to differ- 
ent qualities of radiation and that working with 
organisms of this sort may illustrate more 
clearly the conditions which exist in the body? 
It seems to me more important to study re- 
sponses that are different than to study those 
that are similar in attempting to learn how ra- 
diations affect different types of cells. 
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CAPACITOR DISCHARGE APPARATUS 


By GLENN W. FILES 


CHICAGO, ILLINOIS 


T IS not the intent nor the purpose of 

this article to discuss in detail the con- 
struction of capacitor discharge apparatus 
for diagnostic purposes. Rather, it is to de- 
scribe what is believed to be important ad- 
vantages of such apparatus when properly 
engineered and designed. 


design and calibration, leaves little to be 
desired in the way of flexibility. Particu- 
larly is this true since the recent introduc- 
tion of higher speed films and screens, 
which, in some instances, more than double 
the roentgenographic effect when either 
the charging unit is used without the ca- 
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There seems to be an opinion among 
users of roentgen-ray apparatus that ca- 
pacitor discharge apparatus of any design 
is lacking in flexibility to a considerable de- 
gree. The fact is, however, that lack of 
flexibility is by no means inherent in the 
principle of capacitor discharge apparatus, 
but that in this type of equipment, the 
same as in the conventional pulsating type 
apparatus, flexibility and range depend 
upon design. 

The capacitor discharge apparatus de- 
scribed herein, because of a combination of 
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pacitor or when the capacitor discharge ap- 
paratus is utilized. 

In capacitor discharge apparatus of the 
type described, electrical energy is stored 
up in a capacitor and then discharged 
through the roentgen tube. A capacitor is 
simply a storage tank for electrical energy. 
The capacitance of a capacitor is referred 
to in terms of microfarads, and the rating 
of the capacitor is given in terms of kilo- 
volts (peak) and milliampere-seconds. For 
example, the capacitance of the capacitor 
used with the equipment herein described 
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is 1 microfarad and the rating 1s 100 milli- 
ampere-seconds at 100 kv. (peak) charg- 
ing voltage. 

In order to elucidate some of the ques- 
tions which are involved in the design of 
capacitor discharge apparatus, the follow- 
ing non-technical analogy is made. 

igure I represents a more or less simple 
water system with certain added controls 
for comparative purposes only. In this dia- 
gram consider ./ as an electric motor and 
B a water pump operated by the electric 
motor. This combination for the purpose 
of illustration only will be assumed to 
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level for which this control is set. Thus, if 
the water pump is set for so gallons of 
water, it will deliver 50 gallons of water to 
the storage tank, and accordingly 50 
pounds pressure per square inch at the 
outlet valve. In other words, let it be as- 
sumed that for each gallon of water, the 
pressure at the outlet valve will be 1 pound 
per square inch. 

After the storage tank has been filled 
with a certain number of gallons of water, 
the automatic pump will stop and cannot 
be started again until the storage tank has 
been emptied. 
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operate automatically for the control of the 
water level in the storage tank. A regulator 
on the water pump may be set for any pre- 
determined level which in turn governs the 
water pressure at the valve. 

Between the water pump and the storage 
tank is a relatively small water pipe, C, 
through which the storage tank is filled 
with water by the water pump. This stor- 
age tank, D, not only has a maximum ca- 
pacity in gallons, but, when filled to its 
capacity of 100 gallons, will have an out- 
let valve pressure of 100 pounds per square 
inch. 

Let it be assumed, further, that the 
water pump has a control in that the num- 
ber of gallons which may be pumped into 
the storage tank depends upon the water 


leading from the storage tank is a much 
larger water pipe, /, an outlet valve, F, 
and a so-called gate valve, G. The outlet 
valve, /, controls the rate at which the 
water in the storage tank may be with- 
drawn. The larger the opening, the more 
quickly the tank will be emptied, and the 
smaller the opening, the longer the time re- 
quired to empty. The gate valve, G, may 
be opened instantly, permitting the water 
to escape at the rate predetermined by the 
setting of the outlet valve, F. 

As the water is drawn from the storage 
tank, regardless of rate, the pressure de- 
creases, and as the pressure decreases, the 
rate at which the water is withdrawn will 
change. At first, with the water pressure at 
the maximum, it will almost gush out of 
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the end of the pipe. But as this pressure 
drops, the rate of flow decreases until to- 
ward the end with the water pressure re- 
duced to almost zero, water just barely 
trickles out. 

If a curve were drawn of the rate of 
water flow in relation to water pressure 
under the above condition, it would be 
similar to Figure 2 in which it will be seen 
that at the peak of the pressure the rate of 
water flow is at its maximum and as the 
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pressure decreases, the rate at which the 
water is withdrawn is also decreased. 
Figure 3 is a line drawing of what might 
be considered a complete capacitor dis- 
charge apparatus; that is, the charging unit 
which charges the capacitor and the ca- 
pacitor unit. The control stand, 4, with its 
autotransformer control may be considered 
comparable to the pressure control of the 
water pump. The step-up transformer, B, 
may be considered the water pump. The 
capacitor, C, is obviously comparable to 
the storage tank. The roentgen tube fila- 
ment, D, is comparable to the valve shown 
in the water system (Fig. 1, F’). The dis- 
charge switch, E, is comparable to the gate 
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valve (Fig. 1, G) in the water system. 

Let it be assumed that the capacitance 
rating for this apparatus is I microfarad. 
Because of this capacitance, the milli- 
ampere-second discharge will always be 
equal in number to the kilovolts (peak) to 
which the capacitor is charged. That 1s, 
for each kilovolt (peak) charge, the ca- 
pacitor will deliver 1 milliampere-second 
through the tube. 

The maximum rating of 100 kv. (peak) 
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and 100 ma-sec. means that when the 
charging voltage is 100 kv. (peak), 100 
ma-sec. will be discharged through the 
roentgen tube. As a further example, at 
55 kv. (peak), 55 ma-sec. will be discharged 
through the tube. At 25 kv. (peak), 25 ma- 
sec. will be discharged through the tube, 
and so forth. 

In operation, the autotransformer is set 
upon the button which will produce the 
desired kilovolts (peak). The charging 
switch is closed and the capacitor is 
charged to the kilovoltage for which the 
autotransformer is set. With the capacitor 
charged or it might be said with the stor- 
age tank filled to the predetermined ca- 
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pacity, the charging ceases and the ca- 
pacitor is ready to be discharged through 
the roentgen tube. 

When the discharge switch is closed, the 
rate at which the capacitor is discharged is 
controlled entirely by the roentgen tube 
filament temperature. The higher the 
roentgen tube filament temperature, the 
faster will be the rate of discharge, and the 
lower the tube filament temperature, the 
slower will be the rate of discharge. The 
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Figure 5 represents a copy of the oscillo- 
graphic record of the secondary voltage 
and current as delivered by the capacitor 
apparatus. 

A is the voltage calibration curve. This 
calibration represents 85 kv. (peak), and 
is a standardization curve in kilovolts 
(peak) per inch of height or fraction thereof. 
This voltage standardization is essential in 
order that the tube voltage may be cor- 
rectly measured. 


REPRESENTING KV.P AS PRESSURE 


RATE OF FLOW O 


CURRENT DECREASING 
AS PRESSURE DROPS 


DISCHARGE 


REPRESENTING CURRENT (MA) AS QUANTITY 


Fic. 


roentgen tube filament is again comparable 
to the control valve, /', in the water system 
1). 

By referring to Figure 4 which represents 
the capacitor discharge through the roent- 
gen tube, its similarity will be noted to 
igure 2 which represents the hypothetical 
water system. In the electrical circuit, the 
rate of milliampere flow through the roent- 
gen tube is established before it begins by 
setting the tube filament temperature for 
the desired amperage. With the tube fila- 
ment temperature set, the discharge switch 
is closed and the capacitor is discharged 
through the tube until the electrical 
energy has been dissipated. The capacitor 
is discharged for each exposure. 
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B is the capacitor voltage curve. This 
curve represents the actual capacitor volt- 
age range as delivered to the tube and was 
taken during actual operation of the equip- 
ment with a roentgen tube in the circuit. 
The voltage calibration curve permits ac- 
curate kilovolt (peak) measurements at any 
point in this curve. 

FE. is the time calibration curve. This 
standardization represents the actual tim- 
ing of the oscillographic record. This 
permits time measurement in cycles or 
fractions thereof, each cycle being 1/60 of a 
second in elapsed time. 

C is the capacitor current curve. Repre- 
senting as it does the actual milliamperage 
passing through the tube, accurate calibra- 
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tion is permitted, not only of the peak mil- 
liamperage, but the milliamperage in any 
part of the discharge. 

D is the voltage base line. The voltage 
base line represents zero potential, volt- 
age measurements being made from this 
point. 

F is the capacitor current base line. The 
current base line represents zero current 
and current measurement is made from 
this point. 

The oscillographic tracing in Figure 5 
was taken at 75 kv. (peak) and at 330 ma. 
VOLTAGE CALIBRATI 
- CAPACITOR VOLTAGE 
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It will be noted 1n this instance that the 
milliamperage is referred to as peak mil- 
liamperage. The reason for this obviously is 
that the reading from the oscillographic 
record is in the form of peak milliamperage, 
not average milliamperage as is ordinarily 
measured on a milliamperemeter. 

A milliamperemeter is not used with the 
capacitor discharge apparatus to measure 
the milliamperage, but is placed in the 
charging circuit to indicate to the operator 
that the capacitor is fully charged. The 
action of the milliamperemeter is to sud- 


ON KVP MADE AT DIFFERENT FILM SPEEDO 


OLTAGE BASE LINE 


CURRENT BASE LINE 


noe 


AANA 


aval 


FIG F 


TOTAL DISCHARGE TIME 4 SEC 


Fic. § 


igure 6 represents another oscillo- 
graphic tracing differing from Figure 5 
only in the amount of current used. In this 
instance the kilovoltage is 75 and the peak 
milliamperage 1,768. 

It will be noted that even though the 
voltage in both these illustrations is the 
same, the discharge time is considerably 
different. In Figure 5 the discharge time 
is considerably longer because the filament 
current is comparatively low; in Figure 6 
the discharge time is very much shorter be- 
cause the temperature of the tube filament 
is considerably higher than for Figure 5. 
However, in both instances, the total 
milliampere-seconds is the same because 
the kilovoltage is constant. 


denly rise as the capacitor is being charged, 
and then when charging is completed, 
the milliamperemeter indicator returns to 
zero. 

Technical procedure with capacitor dis- 
charge apparatus differs considerably from 
that with the pulsating type of equipment. 

In the case of the pulsating type equip- 
ment, wherein a time switch is employed, 
the milliampere-seconds may be changed 
over a considerable range so long as the 
limits of the roentgen tube and equipment 
are not exceeded. 


On the other hand, as previously ex- 


plained, when the capacitor discharge ap- 
paratus is utilized, the milliampere-seconds 
discharge with a given capacitor capaci- 
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tance cannot be altered or changed for a 
given huovolt (peak) setting. 

As previously stated, if 60 kv. (peak) is 
being employed, 60 ma-sec. will be dis- 
charged through the roentgen tube regard- 
less of the setting of the tube filament. 
Ilowever, the time of exposure may be con- 
trolled by setting the tube filament tem- 
perature before the exposure is made. But 
regardless of the setting of the tube fila- 
ment temperature, 60 ma-sec. will be dis- 
charged through the tube whether the rate 
of discharge is slow or fast. 
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Contrast cannot be varied in this manner 
with capacitor discharge apparatus as a re- 
duction in penetration carries a correspond- 
ing reduction in milliampere-seconds, and 
the only method by which the milliampere- 
seconds may be increased is by increasing 
penetration. 

On the other hand, the focal film distance 
may be set in combination with a tube of 
proper focal spot size so that the contrast 
on the resulting roentgenogram when using 
capacitor discharge apparatus meets the re- 
quirements of the roentgenologist. 
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The result is that when using capacitor 
discharge apparatus, the quality of the 
film from the standpoint of contrast cannot 
be changed except with a variation in dis- 
tance, which permits a change in kilovolts 
(peak). As is generally known, contrast is 
usually changed by a variation in penetra- 
tion or kilovolt (peak) with a correspond- 
ing change in milliampere-seconds. For ex- 
ample, if a roentgenogram were being taken 
with a pulsating type 1,000 ma. equipment, 
using 70 kv. (peak), 1,000 ma. and 1/60 of 
a second, an increase in contrast would be 
obtained by decreasing the penetration to 
60 kv. (peak) and increasing the time of 
exposure to 1/30 of one second. In the first 
instance, slightly less than 17 ma-sec. 
would be used, and in the second instance, 
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33 ma-sec. would be employed. 


A properly designed capacitor discharge 
equipment will be found more consistent in 
the reproduction of roentgenographic re- 
sults than apparatus of the pulsating type. 
The greatest reason for this increase in con- 
sistency and uniformity of roentgeno- 
graphic results is that for a given kilovolt 
(peak) setting the filament amperage may 
fluctuate over a wide range without affect- 
ing roentgenographic density to the slight- 
est degree. Kor a given kilovolt (peak) 
setting, the exposure time will, of course, 
change as the filament temperature is 
varied, but the roentgenographic density 
of the film does not change. 

On the other hand, careless setting of the 
amperemeter with pulsating type equip- 
ment may change the roentgenographic 
output to a greater or lesser extent, de- 
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pending upon the degree of error which has 
been made in setting the amperemeter. A 
change in the roentgenographic output will 
naturally affect the roentgenographic den- 
sity on the film as well as contrast when 
using pulsating type of equipment. That 
is, if the amperemeter reads higher than it 
should for a supposed kilovolt (peak) 
setting, the resulting roentgenogram may 
show increased contrast, but will in all 
probability be too light in roentgeno- 
graphic density due to a decrease in pene- 
tration at the higher filament setting which 
obviously produces a higher milliamperage. 
If the amperemeter setting is too low fora 
given kilovolt (peak) setting, then the 
kilovolt (peak) will be higher than the 
setting desired due to a reduction in mil- 
liamperage. The roentgenographic effect 
of this condition is a reduction in contrast 
and a probable increase in roentgeno- 
graphic density due to the added penetra- 
tion. Transformer regulation character- 
istics and power supply conditions are, in 
general, responsible for the foregoing ef- 
fects. Further, if this change 1 in amperage is 
produced by a fluctuation in the line sup- 
ply, equally inconsistent results will be ob- 
tained. 

With capacitor discharge apparatus, the 
roentgenographic density and contrast on 
the film will remain constant in spite of the 
filament amperage variation, but obvi- 
ously if the amperemeter reads too low, the 
time of exposure will be increased, thus 
increasing the possibility of motion, and 
vice versa. 

The only variable factor so far as roent- 
genographic density is concerned when us- 
ing capacitor discharge apparatus is kilo- 
volt (peak), roentgenographic density be- 
ing controlled through the manipulation of 


penetration. Thus, so far as simplicity of 


operation is concerned, the operator of a 
properly designed capacitor discharge ap- 
paratus will be able to obtain more con- 
sistent roentgenographic results with fewer 
changes of factors. 

The manipulation of filament amperage 
for various exposure time values offers still 
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further simplicity in that no accessory 
time switch is required when using the 
capacitor discharge. 

With pulsating equipment, if the milli- 
amperage is changed, it is of course neces- 
sary to change the setting of the auto- 
transformer if the penetration is to be kept 
constant. 

With capacitor discharge apparatus, the 
same button of the autotransformer is em- 
ployed regardless of the time of exposure 
being used. That is, if-it is desired to take 
two roentgenograms, one at 2/10 of a 
second and the other at 1/100 of a second, 
equal densities of the same part will result 
on the same button of the autotransformer, 
or the same kilovolt (peak) setting. After 
the capacitor has been charged, the energy 
through the roentgen tube is entirely in- 
dependent of the charging unit. 

Believing that the merits of capacitor 
discharge apparatus are such that its range 
should be extended as far as possible, it 
would seem obvious that a well-designed 
equipment not only should be so con- 
structed and calibrated that various rag 
of the tube focal spots be employed, but, 1 
addition, should permit a variation in ex- 
posure time over a range at least as wide 
as that permitted by properly designed 
impulse timers. 

In the light ot present knowledge, no 
previous attempt has been made to so 
calibrate capacitor discharge apparatus 
that various exposure time values could be 
utilized either with the same or different 
roentgen tubes. 

A method, therefore, has been devised 
which will not only permit tubes having 
various focal spot sizes to be used, but also 
a wide range of exposure time values for 
each tube. The method employed for com- 
puting these figures is given herewith. The 
wave form of the capacitor discharge ap- 
paratus described is such that the method 
utilized for computing this variation in 
exposure time value may be used to its 
fullest extent. 

As previously mentioned, when the ca- 
pacitance is I microfarad, 1 ma-sec. wiil be 
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discharged through the roentgen tube for 
each kilovolt (peak) charge, and the milli- 
ampere-seconds as based on_kilovolts 
(peak) represent the total number of milli- 
ampere-seconds discharged through the 
tube; but the total number of milliampere- 
seconds discharged through the roentgen tube 
does not affect the film, only a portion of this 
discharge being effective so far as the roent- 
genogram itself is concerned. 

Kigure 7 represents a tracing of an 
oscillographic record wherein the kilovolt 
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settings were chosen in such a manner that 
roentgenograms could be taken at the same 
setting and using the same tube with which 
the oscillographic records were made. For 
example, a roentgenogram of average den- 
sity of a given chest thickness can be taken 
under the electrical conditions as given in 
Figure 7, namely, 60 kv. (peak) and 2,580 
milliamperes (peak). A series of roentgeno- 
grams were then taken of this same in- 
dividual, maintaining a constant filament 
temperature, distance, intensifying screens, 
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(peak) is 60 and the peak milliamperage is 
2,580. At 60 kv. (peak), the total number 
of milliampere-seconds discharged through 
the tube is 60. In spite of this, however, 
only a portion of the above-mentioned 60 
ma-sec. is effective so far as roentgeno- 
graphic density on the film is concerned. 
Obviously in order that the correct ex- 
posure time be found, it is necessary to 
know the relation between effective and in- 
effective radiation so far as the roentgeno- 
gram itself is concerned. 

Many oscillograms were made at various 
voltages and milliampere settings. The 


etc., but decreasing the penetration gradu- 
ally until only the outline of this patient 
was visible on the film. 

When the penetration or kilovolt (peak) 
was reached which produced only the out- 
line of the patient on the film, this value 
in kilovolts (peak) was located on the 
oscillographic record. In this manner, that 
portion of the capacitor discharge through 
the tube which was effective as far as pro- 
ducing roentgenographic density is con- 
cerned was found. 

For example, assume that the correct 
density was obtained at 60 kv. (peak) with 
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other conditions as given above. Assume 
further that when the kilovolt (peak) was 
reduced 25 kv. (peak), only a bare outline 
of the patient was visible on the film. 
Inasmuch as for every kilovolt (peak) 
charge, I ma-sec. is discharged through the 
tube, then the difference between 60 kv. 
(peak) and the point at which the bare 
outline of the patient was visible on the 
film may be classified as the effective 
energy. Translating the effective energy 
into terms of milliampere-seconds, and 
with the above formula in mind, it will be 
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required for completely discharging the ca- 
pacitor. 

Effective milliampere-seconds corre- 
spond in actual number to the necessary 
decrease in kilovolts (peak) to change from 
a correctly exposed roentgenogram to one 
which barely shows an outline of the pa- 
tient on the finished film. Therefore, the 
kilovoltage in this case which is between 
60 and 35 Is referred to as effective kilo- 
voltage, and for each effective kilovolt 
(peak) 1 effective milliampere-second is 
employed. 
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seen that in this instance only 25 ma-sec. 
of the total discharge are effective, and the 
remaining 35 ma-sec. are ineffective. 

In the original oscillograph (Fig. 7) there 
is an actual distance of 12/50 of 1 inch be- 
tween the 60 kv. (peak) setting and the 
35 kv. (peak) setting. This actual distance 
of 12/50 of 1 inch when transferred to the 
time line shows that 2/120 of a second ef- 
fective exposure time was used. When re- 
ferring to exposure time values, it is obvi- 
ous that with capacitor discharge appara- 
tus the exposure time should be referred to 
as effective exposure time and not the time 


The basis for such calculation must be 
made upon a roentgenogram of given den- 
sity. The darker the roentgenogram chosen 
as a desired density, the greater the num- 
ber of effective milliampere-seconds neces- 
sary, and also the longer the effective ex- 
posure time. The darker the roentgeno- 
gram also, the greater the necessary change 
in penetration to produce the blank film. 
The lighter the roentgenogram, the less the 
number of effective milliampere-seconds 
necessary and obviously, the shorter the 
effective exposure time. 

The basis for this time calibration for 


T 
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all roentgen tubes and under all conditions 
has been made upon a roentgenogram ap- 
proximately 5 kv. (peak) darker than that 
which has been classified as so-called aver- 
age density. Inasmuch as the calculation 
has been based upon such density, the 
effective exposure time values as given will 


be slightly shorter than roentgenograms of 


a lighter or medium density. This differ- 
ence, however, becomes so slight that it is 
not noticeable. 


Because this variation from a correctly 
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tive of the energy which passes through the 
patient to produce the film density. The 
areas which are not shaded play no part 
in the exposure except for that portion of 
the film not covered by the patient. 
Figure 8 shows the actual effective milli- 
ampere-seconds in relation to kilovoltage 
based upon a roentgenogram of medium 
density. The bottom row of figures begin- 
ning at 30 and ending at 100 represents the 
actual kilovolts (peak) necessary to pro- 
duce a medium density on the film. These 


FILAMENT INCREASE FROM CALIBRATED SETTING 
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exposed roentgenogram to one which shows 
barely an outline of the patient is different 
for various kilovolt (peak) settings, it was 
necessary to find a variation for all useful 
voltages, the useful voltages in this in- 
stance ranging from 30 kv. (peak) up to 
and including 100 kv. (peak). Therefore, 
the time of exposure chart as given is based 
upon the use of voltages ranging from 30 
kv. (peak) up to and including 100 kv. 
(peak). 

Further study of Figure 7 will make in- 
creasingly clear this method of computa- 
tion since the shaded areas are representa- 


figures may be obtained either from the 
calibration chart furnished with such 
equipment or from the autotransformer 
buttons. 

Likewise, these figures represent the ac- 
tual number of milliampere-seconds dis- 
charged through the tube which includes 
both effective and ineffective milliampere- 
seconds, or, to state it in another way, 
effective or ineffective energy. 

The row of figures on the left represents 
the effective milliampere-seconds for each 
kilovolt (peak) setting. For example, it will 
be noted that when 100 kv. (peak) is used, 


| 
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45 ma-sec. are effective out of the total of 
100 ma-sec. discharged through the tube. 
The actual time charts which are utilized 
are based upon calibrated tube settings 
which are made at the time of installation. 
Figure 9 represents a time chart prepared 
for the 1oRW Coolidge tube. 

The tube is calibrated at a known value 
and the ampere setting for this value is 
called the calibration setting. The figures 
at the bottom of the time chart represent 
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difference between a properly exposed 
roentgenogram and one which is actually a 
blank so far as density on that part of the 
film covered by the patient is concerned. 
In our judgment, it is the most accurate 
method of giving effective exposure time 
values, because certain portions of each 
film will receive actually more or less ex- 
posure than other parts of the film, de- 
pending upon the variation in opacity of 
certain areas. 
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the increase in filament temperature in 
tenths of an ampere for the various volt- 
ages and time of exposure values. 

To illustrate: after the tube has been 
calibrated, a roentgenogram is to be taken 
using 60 kv. (peak). The exposure value 
to be used is located on the time of ex- 
posure chart, and the point at which the 
time line bisects the kilovolt (peak) line 
represents the necessary increase in amper- 
age over the original calibration setting. 

Attention is again called to the fact that 
in determining the effective exposure time, 
the values as given are based upon the 


In other words, the more opaque areas 
of the film will actually receive a shorter 
exposure time than the less opaque areas, 
but in any case the effective exposure time 
value will always be as given on the chart, 
or shorter. In no instance will they be 
longer. 

The reason for this change in exposure 
time as the density on the film is changed 
is due of course to the fact that the energy 
at the beginning of the exposure or dis- 
charge represents maximum energy for the 
roentgenogram. During the discharge this 
energy diminishes; consequently, certain 
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opaque areas of the body will not permit 
the decreased energy value to affect the 
film by the procedure employed. Those 
areas which are less opaque will naturally 
receive more radiation since they will per- 
mit more of the energy to reach the film. 

Even when using pulsating type equip- 
ment, a certain portion of the energy 
through the tube is ineffective so far as 
density on the film is concerned. If this 
were not true, then the same roentgeno- 
graphic density could be produced at 35 
kv. (peak) as at 60 kv. (peak) in the same 
length of exposure time. 

Obviously, if the correct density were 
obtained with a standard pulsating type 
equipment, using 60 kv. (peak), 1,000 ma. 
for 1/30 of a second, a decrease in pene- 
tration to 35 kv. (peak) would certainly 
produce very much less density, if not a 
blank film. 

In the case of the pulsating equipment, 
the ineffective energy will be found both 
at the beginning and end of each impulse 
(Fig. 10, 7). With capacitor discharge ap- 
paratus wherein the discharge through the 
tube is continuous, this ineffective energy 
is at the end of the discharge (Fig. 10, B) 
rather than in between impulses as in the 
case of pulsating equipment, single phase. 

The total amount of effective energy 
has been computed between capacitor dis- 
charge apparatus and pulsating type equip- 
ment. From all practical standpoints, the 
energy is the same. 

On the other hand, the fact that there is 
a continuity of effective energy flow when 
capacitor discharge apparatus is used 
means that for a given quality of results, 
the effective exposure time may be con- 
siderably shorter for a well-designed ca- 
pacitor discharge apparatus than _ for 
equally well-designed pulsating type equip- 
ment. This difference in time of exposure 
based upon quality, which in this instance 
refers to a combination of density and con- 
trast or tissue differentiation, as well as 
sharpness of detail, is of the order of 100 
per cent or even greater. That is to say, 
the effective time of exposure for capacitor 
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discharge apparatus may be approximately 
one-half or even less than that required for 
pulsating type equipment to obtain the 
same quality. This last statement is based 
upon the use of the same roentgen tube. 

Further Advantages of Properly De- 
signed Capacitor Discharge Apparatus. 
Power input for capacitor discharge appa- 
ratus is considerably less than for any other 
type of equipment capable of producing this 
same roentgenographic quality. 

The power supply need be no greater 
than that required for the charging unit for 
this apparatus. In this connection, there is 
a practical limit. If the power supply is 
insufficient, then the charging time for the 
capacitor increases beyond the bounds of 
practicability. 

Our experience has been that the power 
line in combination with the charging unit 
should be of sufficient size to permit charg- 
ing the capacitor in 3 second or less. Under 
such conditions the power supply may be 
approximately one-half or less than that 
required for single phase pulsating equip- 
ment. This last statement is based upon a 
pulsating equipment and roentgen tube of 
similar capacity. 

Properly designed capacitor discharge 
apparatus permits the use of smaller focal 
spots for a given effect on the film in a 
shorter effective exposure time than pul- 
sating type equipment. 

The reason for this is that roentgen tubes 
can, with safety, be permitted to operate 
more nearly to the melting point of the 
focal spot. With capacitor discharge ap- 
paratus, the moment the slightest melting 
of the focal spot occurs the milliamperage 
suddenly increases and the voltage de- 
creases almost instantly to zero. Therefore, 
the amount of melting of the focal spot is 
considerably less than under similar condi- 
tions with pulsating type equipment. 

It has been found that roentgenographic 
density on the film varies directly as the 
capacitance of the capacitor when utilizing 
the wave form spoken of in this article. 
Therefore, additional power can be made 
available without changing either the 
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charging unit or the power supply, if such 
is found necessary, by merely adding more 
capacitance. 

The utilization of tubes with various 
sizes of focal spots, in combination with a 
variation in exposure time value, broadens 
materially the range of capacitor discharge 
apparatus. All parts of the body wherein 
quality with speed is desired come within 
its range. 

Roentgenography of such parts of the 
body as mastoids, sinuses, extremities, 
either with or without intensifying screens, 
etc., may be done in unusually short ex- 
posure time values without sacrificing roent- 
genographic quality to the slightest degree. 

If the charging unit is of sufficient ca- 
pacity, high power is available from two 
sources: pulsating or capacitor. 

SUMMARY 

A properly designed capacitor discharge 
apparatus, when used with present-day 
tubes, films and screens, and other per- 
tinent accessories, leaves little to be desired 
in the way of flexibility. 

A properly designed capacitor discharge 


apparatus has certain advantages from the 
standpoint of more rapid exposure values, 
the use of tubes with finer focal spots, sim- 
plicity of operation, ease of duplication 
and manipulation, and smaller power re- 
quirements. 

A properly designed capacitor discharge 
apparatus is not limited to the chest, heart, 
gastrointestinal system, etc., but may be 
utilized for many other parts of the body 
as well. 

When the power of a roentgen-ray gener- 
ator is given in terms of roentgenographic 
quality based upon effective exposure time 
values, properly designed capacitor dis- 
charge apparatus is the most powerful 
equipment available. 

It is hoped that this article may serve to 
clear up a few of the points in regard to 
capacitor discharge apparatus in which 
many users of roentgen equipment are 
interested. 

I wish to express my appreciation to Mr. L. L. 
Call and his associates for the oscillographic analy- 
sis, and to Mr. M. J. Gross and his associates for their 
assistance in the preparation of the time charts for 
Coolidge roentgen tubes. 
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THE PLACE OF THE ROENTGEN-RAY MUSEUM 
IN THE TEACHING PROGRAM OF THE 
MEDICAL SCHOOL* 


By W. EDWARD CHAMBERLAIN, M.D., and BARTON R. YOUNG, M.D. 
Department of Radiology, Temple University Medical School 
PHILADELPHIA, PENNSYLVANIA 


VISIT by one of us (W.E.C.) to the 
Wellcome Museum of Tropical Medi- 
cine, London, resulted in the formation of 
a plan for a Roentgen-Ray Museum at 
Temple University Medical School. We 
have tried to emulate the Wellcome Mu- 
seum where scientific material is presented 
in remarkably complete and lucid form. 
The primary function of any museum is 
the education of the individual who is in- 
terested in acquiring knowledge. A roent- 
gen-ray museum affords an opportunity to 
teach anatomy, physiology and pathology 
in an unusual and effective manner to 
undergraduate and graduate medical stu- 
dents. Half tone illustrations from roent- 
genograms, for textbook or journal, are 
notoriously deficient. Were it possible to 
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ic. 1. The floor plan of the roentgen-ray museum. 
B. Bronchoscopic view boxes; D. Desk; /’B. View- 
ing box table (refer to Fig. 6); 8. Table type 
stereoscope; ‘SK. Skeleton mounted in cabinet; 
I'S, Show case containing dried skulls which ex- 
hibit unusual fractures; P. Table for microscopic 
and lantern slide projectors; 7. Permanent il- 
luminators (refer to Figs. 2, 3 and 7); 7/7. Table 
illuminator for pathologic specimens and appro- 
priate transparencies; C. 
ranged in rows. 


Multiplex cabinets ar- 


record upon the printed page all the de- 
tail and differentiation that appears in 
an original roentgenogram, or all of that 


quality which can be readily carried over 
into a photographically reduced transpar- 
ency, there might be little excuse for the 
elaborate filing and cataloguing of our 
roentgen-ray museum transparencies. 


Kic. 2. A corner of the roentgen-ray museum show- 
ing arrangement of screen, projectors, permanent 
illuminators, Multiplex cabinets, specimen table, 
etc., blackboard concealed by roller screen. 


Actually, we have tried to make of our 
roentgen-ray museum a sort of textbook, 
in flexible loose-leaf form, readily brought 
up to date by the simple expedient of lifting 
a cardboard-mounted transparency from 
its supporting frame, with substitution of 
newer or better material. 


THE PHYSICAL EQUIPMENT 
OF THE MUSEUM 

A single large room, 32 by 60 feet, has 
been assigned to us by the Medical School 
authorities. The door is labeled ‘X-ray 
Museum.” Access is possible during stated 
“open hours,” or by appointment. The 
floor plan (Fig. 1) and the photographs 
(Figs. 2 and 3) indicate the arrangement of 
filing cabinets, illuminators, lecture space, 
etc. 


* Read at the Thirty-fifth Annual Meeting, American Roentgen Ray Society, Pittsburgh, Pa., Sept. 25-28, 1934. 
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Fic. 3. A view of the roentgen-ray museum 
in opposite direction from Figure 2. 


The filing cabinets are standard multi- 
plex lantern slide cabinets, type number 
one, as manufactured by the Multiplex 
Display Fixture Company, but the usual 
metal frames, arranged to hold 56 lantern 
slides per frame, have been replaced by 
special roentgen-ray museum frames, each 
of which holds 12 cardboard transparency 
mounts. The cardboard mounts measure 
74 by 9 5/8 inches (Figs. 5 and 6). The 
standard Multiplex (type number one) 
slide cabinet is supplied with 27 metal 
frames (for lantern slides) (see Fig. 4) plus 
one extra frame upon which a muslin dif- 


ic. 4. A standard number one Multiplex lantern 
slide cabinet is shown at the right. One of our 
special cabinets, equipped with metal frames for 
museum transparencies, is shown at the left. Such 
a cabinet accommodates 336 mounts. The metal 
frames are designated in the museum index by 
letter (Cabinet A, B, C, etc.) and number (28 in 
each cabinet). 
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fusion screen is stretched. Since the dif- 
fusion screen is unnecessary where ade- 
quate illuminators are available, we have 
discarded the twenty-eighth frame and 
have placed a museum frame in its place. 
Each cabinet, therefore, has a capacity of 
(28X12) 336 cardboard-mounted trans- 
parencies. Since our roentgen department 
lantern slides are also stored in the x-ray 
museum, two of our present group of 
eleven Multiplex cabinets are equipped 
with the standard lantern slide frames, as 
originally supplied by the manufacturer. 


Fic. 5. Showing the operation of mounting the 5” = 
transparency 


film between cardboard mounts. 


Additional cabinets are purchased as 
needed to accommodate the natural growth 
of the museum. 

The mounted transparencies are pre 
pared in the Photographic Department 
under the direction of Mr. William J. 
Taylor. Experience has proved that with 
careful photography it is possible to pro- 
duce reduced size transparencies from orig- 
inal roentgenograms in which there has 
been no discernible sacrifice of detail, and 
an actual enhancement of contrast (where 
this is desired). Five by seven films are 
used. The windows in the cardboard 
mounts measure 43 by § 5/8 inches, giving 
an ample margin for securing films in the 
mounts. The actual mounting is accom- 
plished by gluing a front and back card 
mount together with the transparency film 
between them (Fig. 5). 
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Technical perfection is not inherent in 
the use of photographic methods. Due 
credit must go to Mr. Taylor for the detail 
and contrast which he has been able to 
give us in our museum transparencies. As 


a hint to the beginner in this type of 


photography, Mr. 
final transparency 
“process film”’ 
“contrasty.”” 
necessary 
negative” 


laylor states that the 
should be upon a 
which is inherently very 
[t is often desirable or even 
to make the original “‘master 
(from which either lantern slides 
or museum transparencies 


are made) on a 
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ic. 6. An illuminator to accommodate a single Mul- 
tiplex cabinet frame is mounted on a work table 
for the convenience of the student. The descriptive 
captions include essential clinical and laboratory 


data, and references to the literature. The mu- 


seum material is not restricted to reproductions of 


roentgenograms.*Photomicrographs, photographs 
of patients and specimens, and colored transparen- 
cies (by Dr. Chevalier Jackson) of endoscopic ap 
pearances are included in appropriate cases. 


“softer” emulsion such as a “ 
trait” film. 

The museum illuminators are designed 
to give even illumination 
29 7/8 by 303 inches 
cabinet frames). 


parspeed por- 


over surfaces 
(the size of the mu- 

Flashed opal glass 
is used for diffusion, the arrangement of 
electric bulbs, etc., is shown in 
Figure 7. (Portable illuminators are kept 
on hand for use in exhibiting our museum 
material distant cities or at scientific 
meetings, see Fig. 8.) 

The arrangement of work tables, 


seum 


glass, 


pre )- 
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\ diagram of a section of one of the perma- 
nent museum illuminators. Diffusion of light is ac- 
complished by flashed opal glass arranged in sec- 
tions which correspond in size to the Multiplex 
cabinet frames (see also Figs. 2 and 3) 


Fic. 7 


jectoscopes, screen, chairs and specimen 

shelves is shown by the photographs and 

floor plan. 
THE 


USE OF THE MUSEUM 


Kor the teaching of undergraduate 


The 


medical students. Department of 


Fic. 8. These collapsible portable illuminator units 
are used for exhibits away from the museum. Each 
unit consists of a supporting frame,"a bank of six 
lamps, a curtain of tracing cloth for diffusion, and 
slots to accommodate the metal museum frame. 
Each shipping case accommodates four complete 
units. 
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Radiology, in cooperation with the De- 
partment of Anatomy, gives a course in 
the first year of medical school, ““Anatomy 
as revealed by the roentgen ray.” In the 
junior year a course in “Pathology as re- 
vealed by the roentgen ray” is given. 
Teaching in the senior year takes the form 
of clinical-radiological conferences, with 
some section work in which the groups are 
small. Wherever lectures are used, the stu- 
dent is encouraged to avoid taking notes, 
by supplying him with a syllabus. Each 
such syllabus contains copious references 
to the material in the roentgen-ray mu- 
seum, which is identified as to filing cabinet 
and frame. (For example, the syllabus 
entry under the heading “rickets” refers 
to Cabinet B, frames 7, 8, 9.) 

2. As a catalogued collection of interest- 
ing and unusual cases, of teaching value. 
When, in the course of routine hospital 
practice, an unusual case is met with, the 
roentgenograms are sent to the Photo- 
graphic Department for museum trans- 
parencies, and a museum caption is dic- 
tated. Care is taken to see that all essential 
data from the patient’s history, clinical 
findings and laboratory reports are in- 
cluded in this caption which is later pasted 
upon the cardboard mount (see Fig. 6). 
Where biopsy or autopsy tissue studies 
have been made, photomicrographs are 
prepared of significant slides. Through the 
courtesy of Drs. Chevalier Jackson and 
Chevalier L. Jackson, we have been sup- 
plied with colored reproductions of endo- 
scopic appearances at bronchoscopy, eso- 
phagoscopy and direct laryngoscopy. In 
many cases, gross specimens, or photo- 
graphs of gross specimens, are included. 
The gathering together of these data 
(roentgen, clinical, pathological and endo- 
scopic) into a coordinated exhibit is one of 
the chief functions of the roentgen-ray 
museum. 

Much valuable material has come to us 
through the courtesy of colleagues in other 
institutions. While it is not possible to 
mention, in this paper, each and every 
donor, special mention should be made of 
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the help we have received from Dr. M. C. 
Sosman (large exhibit of brain and skull 
conditions with clinical and operative 
check-ups from the service of Dr. Harvey 
Cushing), Dr. Edward C. Vogt (collection 
of films and data covering bone changes in 
children from ingested poisons and sys- 
temic diseases), Dr. John T. Murphy (a 
remarkable collection of benign and malig- 
nant bone tumors), Dr. Ira H. Lockwood 
(a collection of roentgenograms of normal 
and pathologic breasts), and Dr. Robert 
R. Newell who regularly sends us trans- 
parencies of his valuable teaching cases. 
Many other prominent radiologists and 
other physicians have contributed inter- 
esting cases, or have promised us their ma- 
terial. When we receive films made at other 
institutions, each museum transparency 
carries the additional note “Courtesy of 
Dr. 

3. As a meeting place for special groups. 
The museum has been so planned that it 
makes a very desirable meeting place for 
medical groups up to one hundred, since 
it has special facilities for scientific demon- 
strations and exhibits. Special projecting 
apparatus for histologic sections and lan- 
tern slides has been installed on movable 
platforms made just for this equipment. 
For such occasions, exhibits, selected with 
reference to the special interests of the par- 
ticular meeting, are placed upon the per- 
manent illuminators, as in Figures 2 and 3. 
In the past we have been honored by visits 
from the Pennsylvania Heart Association, 
the Annual Conference of Eastern Radi- 
ologists, the Philadelphia Orthopedic Club, 
the Philadelphia Pediatric Society, the 
Laennec Society, and numerous seminars 
from our own medical school program. 

4. For graduate instruction in radiology. 
For this purpose it is but necessary to 
grant a key to the museum. The graduate 
student refers to our index for special sub- 
jects, or goes through the material seriatim. 

5. As a workshop in which to prepare 
exhibits for national and state scientific 
meetings. The metal filing frames afford 
a convenient method of organizing material 
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on the illuminators. The exhibit is shipped 
in these frames. An exhibit of 240 card- 
board-mounted transparencies is thus re- 
duced to 20 units (frames), readily placed 
in position upon arrival at its destination. 


SUMMARY 


A roentgen-ray museum can be made an 
important feature of a medical school pro- 
gram. Its primary function is the teaching 
of anatomy, physiology and pathology by 
methods which are vivid and visual. The 
well equipped and fully developed roent- 
gen-ray museum serves as an up-to-date 
loose-leaf textbook in which the illustra- 
tions are transparencies, far superior to the 
best that can be obtained on the printed 
page. To be of the maximum value to the 
undergraduate student, a syllabus should 
be supplied, containing copious references 
to the catalogued material in the museum. 

Krom the standpoint of the radiologist 
the museum is of further value as a library 
of catalogued cases, not only from his files, 
but from those of colleagues in other cen- 
ters. Careful abstracts of clinical records 
must accompany the illustrative trans- 
parencies as well as appropriate photo- 
graphs of patients, lesions, and gross speci- 
mens. In certain cases photomicrographs 
from tissue examinations, and even endo- 
scopic views, may be exhibited in trans- 
parency form. 

In the present paper, we have described 
and illustrated the particular equipment 
and methods in use at Temple University 
Medical School. 


DISCUSSION 


Dr. Wittis F. Mances, Philadelphia. Those 
of you who know Dr. Chamberlain know how 
methodical, how precise and how thorough he 
is in everything that he does. He probably has 
the most completely, thoroughly and meticu- 
lously organized roentgen department that you 
will find anywhere in this country. He is a slave 
to it himself and he has got the most enthusi- 
astic bunch of boys working with him that you 
will find anywhere. He is making the thing of 
real value not only to his own organization but 
eventually to the whole of roentgenology, be- 
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cause I can see in the future that men coming 
anywhere within reach of Philadelphia are go- 
ing to arrange to spend a considerable amount 
of time in that museum, and particularly so if 
they are interested in looking up roentgeno- 
graphic records of any one particular disease. 

I think the value of this museum in his own 
institution is primarily for the members of his 
own staff. I feel that they must be greatly 
benefited by frequent visits and association in 
that museum. 

The ready access for review of any one par- 
ticular subject is a remarkable value in itself. 
Just stop to think, if you want to review the 
important cases of brain tumor, you immedi- 
ately have at your fingers’ ends not only the 
roentgenographic records but in the selected 
cases the history, pathological findings and all 
that sort of thing. As a matter of fact, this mu- 
seum not only retains and perpetuates the 
value in each case, but, so to speak, multiplies 
the value of each case, because each one is as- 
sociated with a number of others in the same 
sort of good work. 

[ don’t just recall exactly what the geograph- 
ical relation is between Dr. Chamberlain’s mu- 
seum and his hospital roentgen department; 
my impression is that it is in an entirely differ- 
ent building, if ].am wrong in that I would like 
to be corrected. I believe that if all of us could 
establish perhaps on a very much more modest 
scale a museum that does have ready access to 
the roentgen department, and even smaller re- 
productions than are represented in these 
frames, with the aid of magnifying glasses, 
it can be made of inestimable value in a rela- 
tively small space. My museum has not been 
organized, has not been set up as an exhibit 
place as yet, but will be and I am planning on 
having large numbers of lantern slides that can 
be used, not only for review right there under 
magnifying glasses, but for teaching purposes 
and that sort of thing. 

If roentgenologists do not store and index 
and have for ready access the valuable material 
that is going through their departments all the 
time, they are going to lose and miss a great 
deal. I think we are to be congratulated in hav- 
ing this brought to our attention. 

Dr. E. P. PenperGrass, Philadelphia. | 
would like to ask Dr. Chamberlain two impor- 
tant questions for those of us who are interested 
in collecting and storing and making available 
such data as he has been doing. The first is the 
cost. | think he knows approximately what his 
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cost is. The second is if he has a series of brain 
tumors, for instance, suppose he has six of a 
given subject, a given type of tumor, and they 
are all approximately the same type but there 
are just little variations in them, does he de- 
cide which one he will keep in his museum and 
keep the others available, or will he include all 
six? In other words, if we get many variations 
in such a museum, it might run into a tremen- 
dous amount of material. 

Dr. CHAMBERLAIN (closing). I wish I could 
say that we deserve the kindly praise which Dr. 
Manges has given us. I accept his praise as an 
evidence of the valued friendship which he has 
bestowed upon me since he welcomed me to 
Philadelphia four years ago. I accept it also as 
a challenge. A great deal of hard work must be 
done before we can admit that we deserve his 
kind words. 

Dr. Manges is quite right in his impression 
concerning the location of our Roentgen-Ray 
Museum. It is on the sixth floor of the medical 
school building, immediately adjacent to the 
Department of Anatomy. I agree with Dr. 
Manges that an ideal location for a roentgen- 
ray museum would be in close proximity to the 
hospital roentgen department. On the other 
hand, we have found it possible to preserve a 
certain atmosphere of study and contemplation 
in our Roentgen-Ray Museum and we believe 
that this is contributed to by its isolation. 

Dr. Pendergrass is the man who started this 
whole program, because it was he who per- 
suaded the authorities at Temple University 
Medical School to set aside the two thousand 
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square feet of floor space for the teaching pro- 
gram in radiology. Had it not been for his fore- 
sight, the space which houses our Roentgen- 
Ray Museum would have been annexed by 
other departments of the Medical School. 

Dr. Pendergrass is quite right in his assump- 
tion that there is considerable expense involved 
in our method of filing transparencies. Each 
cabinet with its 28 special transparency frames 
represents an investment of approximately 
$200, and the bare costs of cardboard mounts 
and photographic films, exclusive of labor costs, 
runs approximately thirty cents per finished 
mount, exclusive of films wasted in the process 
of producing the best possible transparency 
from each roentgenogram. 

A part of this material expense is saved where 
lantern slides are being prepared, or have al- 
ready been prepared, because the same master 
negative which was used in the preparation of 
the lantern slide can be used for the making of 
the final museum transparency. 

Dr. Pendergrass has also asked a pertinent 
question regarding the disposition of extra 
material where the natural growth of the mu- 
seum results in an excess number of cases of 
some one condition. Up to date, we have 
deleted very little material from the museum, 
but we anticipate a time when inferior case 
records and presentations will be discarded, 
with a view to balancing the exhibit and mak- 
ing room for more valuable material. In this 
matter we will be guided by the same principles 
that govern the editor of a comprehensive text- 
book of radiology. 
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FACTORS INFLUENCING THE QUANTITATIVE MEAS- 
UREMENT OF THE ROENTGEN-RAY ABSORP- 
TION OF TOOTH SLABS" 
IV. ABSORPTION COEFFICIENT FACTORS 


By HAROLD C. HODGE, Ph.D.,f WILLIAM F. BALE, B.S., 
STAFFORD L. WARREN, M.D., and GRANT VAN HUYSEN, D.D.S.tt 


ROCHESTER, NEW 


BRIEF outline of the method used in 

selecting and testing suitable pene- 
trometers for the dentine and enamel 
studies should be of value to roentgenolo- 
gists and others who might wish to use the 
densitometric method of analysis of roent- 
genograms. Since this method entails a 
calculation of the sum of the mass absorp- 
tion coefficients of the tissues to be studied, 
a simple practical statement of the relation 
between the sum of the mass absorption 
coeficients and the roentgenographic den- 
sity (interpolated values) of dentine, en- 
amel and bone is given. While the exact 
chemical constitution of these tissues is 
still somewhat a matter of controversy, for 
the present at least it is sufficient for our 
purpose to assume average values as a 
starting point in the hope that later the 
densitometric method may _ be _ precise 
enough to indicate changes in chemical 
constitution in small portions of the tissues 
studied. The densitometric 
analysis, if it can be established upon a 
precise basis, is limited only by the amount 
of magnification of the film and the pre- 
cision of the densitometer or comparator 
possible under present conditions. These 
limits are rather circumscribed yet offer a 
considerable advance in what might be 
called a microanalysis, since the density 
values or interpolated values offer a com- 
parison of the sum of the mass absorption 
coefficients for very small fractions of the 
tissue. A variation or gradient in the thick- 
ness of the aluminum 
0.025 mm. is detectable experimentally. 
Such small changes may be related to the 
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study of biological materials, for with suit- 
able precautions other tissues than tooth 
and bone may be studied in a similar 
manner but for the present the variables in 
living soft tissue are too great and too 
little understood for analysis by this 
method. 


A. CALCULATION OF DENTINE, ENAMEL 
AND w» BONE WITH A THEORETICAL 
COMPARISON TO pb», AL 


The mass absorption coefficient of a sub- 
stance may be considered as the measure of its 
opacity to roentgen rays. This relation is of 
great interest and will be discussed at some 
length since it offers a fundamental basis for 
much of our future experiments and their inter- 
pretation. Various investigators have found the 
mass absorption coefficient of most of the ele- 
ments and a great number of compounds over 
widely varying roentgen-ray wave lengths (us- 
ing monochromatic radiation). From theoreti- 
cal considerations an equation has been de- 
rived which expresses satisfactorily absorp- 
tion of all elements of atomic number greater 
than 5, for wave lengths between 0.1 and 1.4 
A. This expression is (1) 

Ma = atomic absorption coefficient 

\= wave length in cm. of roentgen 

rays employed 

Z = atomic number of absorber 
K is a universal constant, having the value 
0.0224 for wave lengths shorter than the critical 
K absorption wave length and 0.0033 if X is 
between the critical A and Z absorption wave 
lengths.! 

Sar 


‘ Compton, Arthur H. X-Rays and Electrons. D. van Nostrand 
and Co., Inc., New York, 1926. 
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Wave length 
klement 


130A i7sA 200A 26A 417A 497A 631A 1oA 880A 
H 32 36 376 375 3g 435 435 435 44 
C 152 163 175 188 256 315 474 605 99 
N 143 .o7 1.§ 
.169 133 21 372 §2 Go 2.22 
Na .195 225 305 75 1.18 2.9 6.1 
Mey 168 205 25 343 945 4.3 8.34 
4 14.6 
Ca 29 46 52 1.1 3.95 6.6 13.3 18.6 34.8 
186 27 4.02 1.18 1.g 2.94 5.22 9.75 


* Mass absorption coefficients for various elements according to A. A. Allen (Compiled from references in 


Phy Re 
Taste XXXVII Parr 2 (Calc. by Bale) 


CALCULATED MASS ABSORPTION COEFFICIENTS FOR PHOSPHORUS 


Wave length 2A 3A 4A 5A 6A 7A 
Mass absorption coefhcient 34 .70 1.56 2.95 §.Ol 7.51 
and represents the total energy scattered by a 20 


single electron, when struck by a beam of unit 
intensity, as calculated from classical roentgen- 
ray theory. uw. is the atomic absorption co- 


16 
efficient, the fraction of energy absorbed per 
atom, over an area of 1 sq. cm. and is therefore 
where 7 is the number of atoms per cu. cm. 2 
Ma X 6.1 XK 10* 
Lm>= (3) 8 


atomic weight 


Experimental values are available for all of 
the important constituents of animal tissue 4 
except calcium and phosphorus.? Absorption co- 
efficients for these two elements are calculated 
by the method given above (see Fig. 18). Table 


XXXvII gives the absorption coefficients for all 0 
2A 4A 6A BA .OA 


of the important constituents of animal tissue 
for roentgen-ray wave lengths of 0.1 Atoo.7 A. 
Figure 18 shows the calculated absorption 
values for calcium, phosphorus and aluminum. 
Experimental values for aluminum are given 
as a check on this method of calculating ab- 
sorption coefficients. 

The mass absorption coefficient of a com 


Kic. 18. The variation with wave length of values 
calculated for the u,, of calcium, phosphorus and 
aluminum, together with some experimental val- 
ues for aluminum. Compare Allen’s experimental 
values in Table xxxvil, part 1. 


ments, each multiplied by its contribution to a 


pound or mixture is equal to the sum of the 
absorption coefficients of its constituent ele 
Compiled by S. J. M. Allen and published in “X-Rays in 


Theory ard Experiment” Arthur H. Compton and Samuel kK 
\ on. D. Van Nostrand Co. Inc New York, 1935, pp 99°> 


unit weight of the compound or mixture. Thus, 
the effective absorption coefficients of bone, 
tooth enamel and dentine, and any other 
animal tissues may now be calculated from the 
chemical analyses of these substances. 
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XXXVIIb 
CALCULATIONS OF MASS ABSORPTION COEFFICIENT 
FOR ENAMEL, DENTINE AND BONE AT 0.2 A 


& 
om ~ 
~ 
— S 
o 
Dao 
on a O 
oom > ~ A 
os O&O 
A. 
Ca 36.5% of §2 =0.1898 
P 16.1 ot 34 =0.047 
H.O 8.1 of 20 =0.0162 
of .175§=0.002I 
O 38.5 of .183=0.0712 
N minimal 
Total=o0.3263=Enamel 
Ca 22.9% of .§2 =O.1I91 
P ot 14 = 37 
H.O 3.6 of 20 = 63 
Cc 10.5 of 176 181 
N 2 fy of 179= 63 
() Ig ot 15% 359 
Total=o.2801 = Dentine 
Ca 24.5% of $2 = 1275 
P 11 ot 34 374 
H,O 27.9 of 10 = cc8 
13.6 ot 1238 
N 4.6 of 82 
O 17.4 of 183=0.0318 
Total= 2865 = Bone 


Ultimate and accurate analyses of bone, 
tooth enamel and dentine are not available. 
However, from a large number of reported 


TasLe XXXVIII 


Bone Dentine Enamel 

per cent per cent per cent 
Ca 24.5 22.9 36.5 
P 16.1 
Na 3 
K 6 
Mg I 6 
O 47.6 42.25 
13.6 10.5 
N 4 6 3 
H 2 1 


analyses, the following table has been com- 
piled as representing approximately complete 
analyses. 
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igure 1g shows the variation in absorption 
coefficient values for bone, enamel, dentine and 
aluminum with change in roentgen-ray wave 
length. To demonstrate the calculations in- 
volved in obtaining these mass absorption co- 
efficients, the following tabulation is included. 
Choosing the wave length, 0.2 A, the absorp- 
tion coefficients for enamel and for dentine are 
computed from the per cent Ca and mass ab- 
sorption coefficient of Ca, per cent P and yu, 
of P, and so on (Table xxxvi b). 


10 
o ENAMEL 

o BONE 
DENTINE 
& ALUMINUM 
i 6 
z 
So 
fe 
Y 
Vv) 
= 
22 
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0 2A AA 6A BA 
A. WAVE LENGTH 


ic. 19. Variation with wave length of calculated 
total mass absorption coefficients for enamel, bone 
and dentine (aluminum is included for com- 
parison). 


It will be seen that the values for bone and 
dentine are, for a wide range of wave lengths, 
closely equivalent to those of aluminum, so 
that considering the composition of the bone 
and dentine as constant and neglecting the 
effect of scattering, the aluminum equivalent 
may be considered as a measure of the amount 
of bone or dentine through which the roentgen 
rays have passed, no matter what the distribu- 
tion of the roentgen radiation in wave length. 

This fact is even more apparent in Figure 20, 
which shows the ratio of the absorption co- 
efficients of bone, dentine and enamel to those 
of aluminum for varying roentgen-ray wave 
lengths. To illustrate these calculations, con- 
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Fic. 20. The ratios of u,, enamel, dentine and bone 
respectively to aluminum are seen to be invariant 
with wave length change for dentine and bone but 
of increasing magnitude for enamel with increase 
in wave length. 


dentine 


Al 

dentine has been calculated as 0.28 (see above) 

and since um Al is 0.27 (see Table xxxvit), the 
0.28 

ratio equals ~ ~~ = 1.04 (see Fig. 20). The val- 

ues for bone and dentine are quite constant 

and not far from 1. The aluminum equivalent 

for enamel, however, increases as longer wave 

lengths are used, provided scattering is neg- 

lected. 

Any change in the composition of a tissue, 
especially in its calcium content, may be ex- 
pected to affect its absorption coefficient. 
Figure 21 shows the amount of the absorption 
coefficient of bone, enamel and dentine con- 
tributed by the calcium content of these tissues, 
for varying wave lengths. Thus at 0.2 A the 
amount of the mass absorption coefficient con- 
tributed by Ca is 0.119 (see above), whereas 
the u» dentine totals only 0.28 (compare Fig. 
21). Figure 22 shows the ratio of the calcium 
contribution to the absorption coefficient to the 
amount contributed by the tissue’s remaining 
constituents for bone, enamel and dentine. For 
example, at 0.2 A the per cent contributed by 
O.11g 

X 100 = 42 per 


sider the ratio at 0.2 A. Since up» 


Ca to the u,, dentine is 
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cent, and the per cent contributed by Ca to the 

. O.1gO0 

enamel is per cent (com- 
20 


9.3 
pare Fig. 22). For these tissues the calcium con- 
tribution is always greatly in excess of its pro- 
portionate weight and for the longer wave 
lengths the calcium contribution makes up 
about 80 per cent of the entire absorption co- 
efficient. Even for hard roentgen rays small 
changes in the percentage of calcium present will 
make important changes in a tissue’s opacity to 
roentgen rays, and for soft roentgen rays a chart 
showing the millimeters of aluminum or alloy 
equivalent of bone, enamel, dentine or any other 
tissue containing much calcium will be almost a 
chart showing the relative amounts of calcium 
present in various parts of the tissue. 

In practical roentgen-ray work, a mono- 
chromatic roentgen-ray beam is not used but 
instead a tungsten target tube producing a 
“white” radiation distributed over a wide 
range of wave lengths. However, the shortest 
wave length present is always determined by 
the highest voltage applied to the roentgen 
tube (see later paper). Also, the absorbing sub- 
stance will absorb much more strongly the 
longer wave length roentgen rays, so that the 
roentgen rays affecting the photographic film 
will represent a relatively homogeneous band 
of roentgen radiation distributed over not more 
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Fic. 21. The solid lines represent the total y,, of 
enamel, dentine and bone. The dash lines repre- 
sent the amount of absorption in each tissue con- 
tributed by the calcium present. 
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than 1 or 2 A. Of course, different roentgen 
tubes operated under varying conditions do 
not always give the same distribution of roent- 
gen-ray intensity over different wave lengths, 
even though the peak voltage is the same. The 
extent to which this will affect aluminum 
equivalent measurements can only be deter- 
mined by experiment, although for bone and 
dentine the effect should not be large. 

A roentgen-ray beam in passing through an 
absorbing substance loses energy in two ways: 
(1) in producing ionization, often called true 
absorption, and (2) in scattering, where the 
wave length is unchanged or only slightly 
longer (Compton shift). In equation (1), the 
expression for the atomic absorption coefficient, 
the first term AZ*\* represents the absorption 
due to ionization and the 0.8Z is the absorption 
due to scattering. It is seen that the true ab- 
sorption increases very rapidly with increasing 
wave length while scattering within the limits 
o.1 A or greater, is constant. The result for any 
element is that for short enough wave lengths most 
of the absorption is done by scattering while for 
longer wave lengths most of the absorption 1s true 
absorption. Further, since the true absorption 
is proportional to the fourth power of Z, the 
atomic number, the proportion of scattering 
to true absorption is much greater for light 
elements than for heavy ones. This fact is put 
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ic. 22. The percentage contribution by calcium to 
the w,, of each tissue is seen to increase with longer 
wave lengths, being about 75 per cent at 0.6 A, 
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A 
lic. 23. The calculated percentage scattering done 
by water, aluminum, dentine, bone and enamel at 
various wave lengths. Note the similarity of per- 
centage scattering by aluminum, dentine and bone. 


to practical use by backing cassettes, etc., with 
lead, which is a heavy metal and reduces 
scattering and therefore fogging of the film. 

igure 23 shows the calculated percentage of 
the absorption done by scattering over various 
wave lengths for bone, dentine, enamel, alu- 
minum and water. It isapparent that bone and 
dentine do about the same amount of scatter- 
ing as aluminum, that enamel scatters pro- 
portionally less and water more. The relative 
amount of scattering decreases as wave Jength 
increases. A varying amount of the scattered 
radiation, depending on the shape and thick- 
ness of the absorber and its distance from the 
film, will reach it and blacken it at a point 
where density is measured. 

Since aluminum scatters a larger proportion 
of the roentgen radiation than enamel, more 
scattered radiation from aluminum than from 
enamel will reach the film. Aluminum will 
therefore appear more transparent to roentgen 
rays than was calculated from the absorption 
coefficient, and the aluminum equivalent of 
enamel will be found to be greater than cal- 
culated. Since the proportion of scattering de- 
creases with increasing wave length, the alu- 
minum equivalent of enamel will apparently de- 
crease. This effect being the opposite of that 
produced by the change in the ratio of their 
mass absorption coefficients, shown in Figure 
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Fic, 24. The aluminum equivalent (in grams) for 1 
gram of calcium per unit area is seen to increase 
with wave length, rapidly from 0.2 A to 0.5 Aand 
more slowly for longer wave lengths. 


20, they will tend to neutralize each other. The 
resultant effective change of aluminum equiv- 
alent with wave length, or tube voltage, de- 
pends largely on the geometry of the set-up, 
and can only be calculated even in simple cases 
with difficulty and with a large margin of error. 
It can best be found, if desired, by experiment. 

Referring to Figure 23 it is seen that above 
0.4 A (i.e., for longer wave lengths), which is 
equivalent to 30 to 35 kv. (peak) on the roent- 
gen tube, the amount of scattering for alumi- 
num becomes negligible and can be neglected. 
The simplest and most accurate application of 
roentgen-ray analysis is to the study of speci- 
mens of bone, teeth, etc., separated from other 
tissue. Irregular specimens vary in thickness 
and make difficult accurate measurements. The 
best results should be obtained by using slab 
specimens cut to a uniform thickness. Warren 
et al! have applied it to the study of calcium 
distribution per unit volume in planoparallel 
sections cut from teeth. By using a potential 
of 30 kv. and tooth sections about 0.8 mm. in 
thickness, effects due to scattering have prac- 
tically been eliminated. At this low potential, 
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radiopacity in millimeters of aluminum is 
fairly accurately proportional to the amount 
of calcium present (see Fig. 21). 

Figure 24 shows the ratio of the aluminum 
mass absorption coefficient to the calcium mass 
absorption coefficient, which is also the alumi- 
num equivalent in grams for 1 gram calcium 
per unit area. Since the ordinary roentgen beam 
is not monochromatic and its wave length dis- 
tribution wide, it is impossible to give an ac- 
curate equivalent of aluminum for calcium. It 
may be possible under the proper experimental 
conditions to calibrate ah aluminum tablet for 
30 kv. peak in terms of specimens containing 
known amounts of calcium. 


too, 


In brief, then, if we assume an approximate 
chemical analysis of tooth substance and apply 
a formula (neglecting scattering) relating mass 
absorption coefficient to the atomic number we 
are able to calculate the absorption coefficient 
for bone, enamel and dentine for various wave 
lengths. For bone and dentine these are found 
to be close to that of aluminum. For enamel 
the aluminum equivalent increases with in- 
creasing wave length. For all three of these 
tissues the calcium contributes approximately 
three-fourths to the total absorption for wave 
lengths longer than 0.6 A; thus small changes 
in the calcium content produce relatively large 
changes in the tissue opacity. These calcula- 
tions are strictly true only for monochromatic 
radiation, but since these subscances (bone, 
dentine and aluminum) have nearly identical 
increases in mass absorption coefficient with 
increasing wave length, it is possible to use 
white radiation for comparative measurements. 


B. SELECTION OF PENETROMETER FOR 
DENTINE 


In our early attempts to analyze the density 
of tissues (bone) in roentgenographic films it 
was suggested by R. B. Wilsey (personal com- 
munication) that an aluminum step tablet be 
used as a calibrating wedge because of the 
close approximation of the absorption co- 
efficients of the calcium of bone and aluminum. 
The rationale of selecting the proper substance 
of which the step tablet should be made may 
be most easily outlined by considering the 
factors involved. This is especially important 
if any quantitative comparisons of various 
tissue structures are to be undertaken. The 


mass absorption coefficients of the tissue to be 
studied and the step tablet must be nearly 
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identical. The principal reason for this require- 
ment is so that small and unavoidable varia- 
tions in experimental procedure, especially the 
variations in tube and machine factors, will 
produce only negligible changes in the com- 
parative film densities. Therefore the mass 
absorption coefficient of the tissue to be studied 
is computed or determined experimentally and 
a penetrometer is chosen having the same mass 
absorption coefficient. Because difficulties in 
measuring the mass absorption coefficient of 
enamel and of dentine are numerous, they may 
be computed (see previous discussion) from 
the equations relating absorption to chemical 
analysis. Figure 20 shows the ratios of the mass 
absorption coefficient of aluminum to those of 
dentine and of enamel. The ratio for dentine 
is very close to 1.0, close enough to be ‘“‘almost 
identical’; the ratio for enamel rises rapidly 
from about 1.3 to 1.8 with an increase from 
.2 A to o.7 A in wave length. Thus, dentine 
may be studied upon a comparative basis using 
an aluminum penetrometer, which, however, 
is unsuited to the study of enamel. At 3C kv., 
the effective wave length probably is not far 
from 0.7 A. Consequently it 1s interesting to 
note that the I. Vs. of enamel and of dentine 


ic. 25. The gross step tablet on the left was soon 
discarded for the 0.25 mm. step tablet of about 
30 steps in the center. At present the penetrom- 
eters used are the small but precise ( 
instruments shown at the right. 


0,005 mm.) 


See earlier papers of this series. 
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PENETROMETER PENETROMETER STEP AV 
NOI N° THICKNESS 
0250 0255 0255| 0260026502751 1 0,260 
0505 0.505 0510] 0515 0530] 2 0513 
0755 0755 0760| {076007650770 3 0761 
0985 0990 0995] [1000 1005 1010] 0997 
1230 1230 1235] 91235 1240 1250, 5 1.237 
L470 1475 1475] [1480 1485 1490] 6 1.479 
L750 1755 1760] 1760 1765 1770] 7 1.760 
2005 2010 2010] 2015 2020, 8 2012 


lic. 26. The thickness measurements (in mm.) are 


indicated in the approximate spot measured. 


(approximately 1.4 and 0.8 respectively) are in 


4+ ) 
nearly the same ratio =1.8 


as the calcu- 


lated relation between dentine and enamel from 
Figure 20 at that wave length. 

That the aluminum penetrometer is really 
suited for dentine is tested experimentally by 
varying the kilovoltage. (See paper 111.) When 
no change is observed in the I.V. for dentine 
upon varying the kilovoltage from 25 to 60 kv. 
the premise is confirmed. 

Experimental Demonstration of Tolerance in 
Thickness of Penetrometer Steps. (In the first 
attempts to use a step tablet, aluminum sheets 
were riveted together (Fig. 25) to form the 
large, gross step tablet shown at the left. Work 
with this step tablet soon showed the necessity 
of finer gradations in thicknesses of succeeding 
steps as well as thinner step tablets, requisites 
which were embodied in the smaller thinner 
step tablet shown in the center of Figure 25. 
The steps varied from the thinnest (1 mm.) by 
increments of roughly 0.25 mm. for some 30 
steps. In experiments described below it be- 
came evident that the step tablet must be a 
precision instrument whose thickness has a 
tolerance of +0.005 mm. for each step. The 
step tablet finally chosen (right side of Fig. 25) 
has the following average thicknesses of steps: 
0.26, 0.52, 0.76, 1.00, 1.24, 1.48, 1.76 and 2.01 
mm. (see Fig. 26). In order to determine 
whether the penetrometers are of sufficient pre- 
cision in thickness so that any differences in 
absorption may be so small as to be negligible, 
a series of four exposures are made at 30 kv., 
30 ma., 15 inches, ? second, no tube stand 
filter, black paper-wrapped films, round focus 
tube, with the position of the tube in relation 
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to the film the same in each exposure. Since 
gradients are sometimes perceptible in the 
density of the film the penetrometers were 
placed in four different positions relative to the 
tube (see Figs. 27, 28, 29, 30) in the four 
quadrants of one 5"X7" film. The greatest 
variation in thickness of any step of the pene- 
trometers is found in Step 1 where the thick- 
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cr 
1.79 
1.78 
264 267 270 266 266 263 264 266 
178 
\77 
Q5310.54 \78 
= 26 63] 0.75| 0.90) 1.09 | 1.33] 262 
268 051 1053 063}0 77 
2 \75 
262 263 263 264 265 262 261 262 


Fic. 29. Film S34Eso 


ness measured with a special ball-point microm- 
eter is 0.250, 0.255 and 0.255 mm. from left to 
right across penetrometer No. I and 0.260, 
.270 and 0.275 mm. from left to right 
across penetrometer No. II (Fig. 26). This 
gradient across the two penetrometers is not 


0.265, O 


unexpected since they were originally in one 
piece, being separated by sawing which left 
identifying marks along the edges formerly 
continuous. The penetrometers are placed with 
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the saw-marked edges together which enables 
us easily to identify the gradient in thickness 
which we wish to try to measure densitometri- 
cally. 

The D.Rs. in the penetrometers and in the 
film around the penetrometers for film $34F.47 
is given in Figure 27, for film $34F 49 in Figure 
28, for film S34Eso in Figure 29 and for film 


266 267 264 264265 
178’ 2 d 5 7 8 = 
263 | 132 | 2632 
75 
265 264262260260 261 
76 
75 
260 | 77] 1.34 |1.07 1089 10.73 1062 |0.560.5! |260 
i 
261- 265 258 >» 
264 260 260 269 
Fic. 28. Film $34E49 
273 271 
| 
271 | 272 | | 2.69 
268 38} 2.74 1.40 273 
2.70 L110 273 15 272 
268 09 0.% 
27 0.76 2.76 0.79 272 
2.73 065 | 27% 067 271 
272 055 | 277 0.57 27 
275 054 | 272 0.54 273 
279 2.80 


PENETROMETER I PENETROMETER I 


Fic. 30. Film S34Es1 


S34Es1 in Figure 30. It is seen that Figures 27, 
28, 2g and 30 may be set side by side to form 
the exact reproduction of the relative positions 
of the penetrometers in the four exposures. We 
note a tendency for a gradient of small mag- 
nitude in the film densities going from larger 
densities at the left side of each film to smaller 
densities at the right side. Furthermore, there 
seems to be almost no perceptible density 
gradient from top to bottom of the four films. 
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Therefore the gradient in the field will only be 
noticeable in the D.Rs. in the two films in 
which Step 1 runs parallel to the left to right 
direction, 1.e., Figures 27 and 30. It also follows 
that since the penetrometers are laid with 
No. I at the left of No. IT in film $34F47 and 
No. I at the right of No. If in film S34Es51 
more radiation should strike No. I than No. II 
in film $3447, and more radiation should 
strike No. II than No. I in film S34Es1. The 
result of this difference in amounts of radiation 
will be graphically shown in the calculations 
following. 

When the D.Rs. in the film (top, Fig. 31) 
and across Step | at 6 equally spaced intervals 
near the center of the tread on each pene- 
trometer (bottom, Fig. 31) are plotted as 
ordinates against their relative positions, there 
is little evidence of the thickness gradient 
measured. True, the broken lines in each film 
for penetrometer No. I seem to be more or less 
horizontal and for penetrometer No. II, there 
is some tendency to slope down at the right. 


28 
26 
ABOVE : READINGS INFILM | | 
ATENDS OF STEP ONE | | 
LEGEND 
o FILM N@ 47 
FILM 49 
o FILM N? 50 
x FILM St | 


BELOW : READINGS ALONG 
CENTER OF TREAD OF STEP ONE! | | 
| 


UNITS OF DENSITY 
bo 


oO 


L8 


16 
POINTS:FULM | 2 3 4 5 6, FILM 7 8 9 10 Il I2,FILM 


PENETROMETER 1 PENETROMETER I 


ic. 31. Upper curves are density readings in the 
blackened film beside the penetrometer tablet near the 
ends of Step 1. The lower curves are readings 
taken in the center of the tread of Step 1. Note the 
pronounced slope downward across penetrometer 
Il in film No. 47 and compare with the similar 
slope in the readings (at the top of Fig. 31) in the 
same film beside the penetrometer. 
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“DENSITY ABSORBED” 
8 


LEGEND 
FILM N° 47 
4 FILM N2 49 
0 FILM N° 50 
x FILM N2 5] 


BO 
POINTS| 2 3 4 5 
PENETROMETER | 


2 


6789 


PENETROMETER 


ic. 32. By subtracting the densities of the pene- 
trometer image from the assumed density gradient 
(see top of Fig. 31) in the film, the differences or 
“density absorbed”’ values fall close together ex- 
cept for 2 films, penetrometer I in film No. 47 and 
penetrometer II in film No. 51. Compare with 
ligures 27, 28, 29 and 30. 


And this effect would be expected since the 
thinner edges are placed to the left, less radia- 
tion would pass through the right hand portion 
which should give lessened densities on the 
right. However, in film $34E47, the D.Rs. in 
penetrometer No. II fall steeply as the readings 
move to the right and, on the other hand, in 
film S34F49, the D.Rs. rise somewhat in the 
same relative area. Also, the D.Rs. in film 
S34E47 are observed (top, Fig. 31) to fall 
steeply from the left to the right side of Step 1 
(compare Fig. 27), while the film densities for 
the same relative areas in film S$34E 49 fall only 
slightly. Consequently in an effort to obtain a 
better comparison from film to film the film 
density gradients are obtained by connecting 
the D.Rs. beside each penetrometer with a 
straight line. The values read off from the 
straight lines for the intermediate points are 
used as a base line and the D.Rs. in Step 1 
are subtracted in each area, thus giving a 
number in density units which represents the 
amount of absorption which has occurred. 
These “D absorbed” values are tabulated in 
Table xxxtx together with the graphically de- 
termined film densities. In Figure 32, the “D 
absorbed” values are plotted as ordinates 
against their relative positions in the pene- 
trometers. Since the absorption increases with 
thickness, a slight rise in ““D absorbed” might 
be expected going from left to right. The lines 
for penetrometer No. I are practically hori- 
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XXXIX 


(DENSITY OF FILM READ FROM GRADIENT) 


(DENSITY ALONG PENETROMETERS) = AMOUNT ABSORBED 


BY PENETROMETERS 


Film $34E47 Film S34E49 
Density) D.R. Density D.R. 
of film | in pen- of film | in pen- 
from |etrom-| *?- from | etrom- 
sorbed - 
gradient eters 


gradient; eters 


I 

I 2.65 Q4 2.66 1.76 

2 2.6¢ I 69 g6 2.66 1.78 

2.606 1.69 .g6 2.66 

2 2.6¢ 1.68 9 2.66 1.76 

6 2.66 1.69 96 2.66 ig 

I] 

2.62 O.g2 2.05 1.76 

8 2.61 0.88 2.64 

9 2.6 2.64 1.76 
I 2.59 1.69 9 2.64 Peg » 
1] 2.58 1.68 2.64 77 
12 1.66 gl 2.03 75 


zontal, those for penetrometer No. Il have a 
slight tendency to rise in the manner expected. 
Two of the broken lines, i.e., that for pene- 
trometer No. I in film $34F47 and that for 
penetrometer No. II in film S34F51 are dis- 
placed above the other closely grouped lines. 
These two indicate more actual radiation ab- 
sorbed by penetrometer No. I in film $34F47 
and by penetrometer No. II in film S34E51 


A 


24 
95 


KNESS 


AV 


AV DENSITY ABSORBED 
8 


B5 
POINTS| 2 3 4 5 6&6 7 8 9 WN 
PENETROMETER I PENETROMETER I 


ic. 33. Above are the average thicknesses (in mm.) 
across the two penetrometers plotted against the 
distance across. Below are the average “density 
absorbed” values plotted against the same ab- 
scissae. Note the generally parallel nature of the 


thickness and “density absorbed”’ lines. 


ab- 


sorbed 


S34Eso Film S34Es1 


Density, D.R. Density, D.R. 


of film | in pen- D of film | in pen- D 
from | etrom- ab- from | etrom- ab- 
gradient eters sorbed gradient eters sorbed 
2.62 0.87 2.69 1.31 
2.63 1.76 87 1.51 SG 
2.63 0.86 1.82 
2.64 1.78 0.86 2.71 1.83 88 
2.64 iy, 0.87 2.71 1.53 
2.65 1.78 87 1.54 07 
2.65 1.79 0.86 I G3 
2.65 1.74 gl 1.78 94 
2.65 1.74 gl 2.71 1.76 
2.64 Pes gl 271 gs 


and strikingly illustrate the results of the 
gradient in the field discussed above Although 


the average of the “D absorbed” values is of 


doubtful significance mathematically neverthe- 
less these averages (Table xL) show a tendency 
to increase from the left to the right side of the 
two penetrometers. When the average “ID ab- 
sorbed” values are plotted (Fig. 33) as or- 
dinates against their relative position, an al- 


TaBLe XL 


Points along Average “D” 


Thickness 


Penetrometer absorbed 

I 
2 0.9 25 
3 
4 
5 0 .gO 265 
6 255 
I] 

8 ».89g 26 
9 2H¢ 
I gos 2H¢ 
11 27 
12 .g2 275 


‘ 
SS 
RR 
og 
og 
88 
| 
og 
RR 
Q- 
Q- 
‘ 
| 
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TasLe XLI 
EFFECT OF CHANGING KILOVOLTAGE ON D.RS, UNDER ENAMEL RELATIVE TO D.RS, UNDER ALLOY 
Av. Densitometer Readings Ratio Enamel /Alloy 
Average 
kv. Kilm of all 
Tooth 
Alloy Ma 2 29 8 13 29 8 Ratios 
44331 1.06 1.02 944 
3 
$9331 2.04 2.01 2.07 I.g8 gss 1.014 97 
44332 I ‘77 2.05 898 I .O4 
4 
§9332 2.26 2.297 977 1.004 I 8 
0.936 
443.33 1.85 1.g 1.66 I 27 897 
§9333 2 2 1 4 go ] 9 0.98 
44334 2.45 2.23 2.07 go2 1.08 
6 
$9334 I .34 1.74 1.78 1.84 .g67 1.00 
most horizontal line is obtained for pene- the premises and equations stated in the first 


trometer No. | and a line rising at the right for 
penetrometer No. II. By comparison with the 
thicknesses of these areas (upper line, Fig. 33 
it may be noted that the increase in thickness 
of 0.250 to o. 25 mm. from left to 
right is accompanied by an increase in average 
“1D absorbed” values of 


or 


to O0.g2 Or 0.03 
density units, a statistically real variation. 
Thus a tolerance of about .00§ mm. Al is 
indicated to make the variation in penetrome- 
ter thickness of negligible magnitude in the 
densities measured. 


C. SELECTION OF A PENETROMETER 


FOR ENAMEL 
In order to obtain a step tablet suited to the 
study of enamel, a simple calculation based on 


TABL 
Zn 
175 228 215 
2 27 254 
26 .402 3.55 
41° 1.18 12.14 
497 1.9 21 
631 41.6 3.52 
I §.22 4.93 
SS 9g 10¢§ g.2 
14.12 147 


E 


part of this paper, led us to have made a pene- 
trometer whose composition is 6 per cent zinc 
and 94 per cent Al (Table xia). A preliminary 
test is carried out to estimate whether or not 
the mass absorption coefficient of the alloy 
(obtained from ‘Al, C.O.A.*) is near enough to 
that of enamel to justify the expense of having 
it ground into a penetrometer. Three tooth 
slabs ground planoparallel to the thickness of 
the alloy sheet (1.02 mm.) are exposed in 
duplicate at 15 inches, round focus tube, no 
tube stand filter, black paper-wrapped films 
and (a) 30 kv., 28 ma., 2 seconds, (4) 40 kv., 
30 ma., I second, (c) 50 kv., 30 ma., } second, 
(d) 60 kv., 30 ma., } second. The D.Rs. (Table 


* Through the courtesy of Mr. Fox of the Aluminum Company 


of America. 
XLIia 
Enamel 
Zn Alloy Enamel 
Alloy 
735 
326 
213 Sg 64 .g2 
720 .g2 
1.26 3.05 
6 2 6.6 -g2 
9.6 .39 
6.6 15.8 
5.32 22.09 


825 
PENETROMETER PENETROMETER STEP AVER. 
NOD N° THICKNESS 
{0230 02350235] 1 0237 
0470.04700470| 047504800475] 2 0473 
ams07250725| 3 arzi 
09750975] 4 as73 
L230 12251220] .22512251225| 5 1.225 
1475 1480 1475 1480 1485 1485 | 6 1480 
1725 .725| 1730 .7251725| 7 1.724 
1925 19251925] 1930 1935 1940| 8 1.930 


lic. 34. The “enamel scale” or Zn-Al alloy pene- 
trometer is very similar in dimensions to the 
“dentine scale’”’ (compare Fig. 26). The thick- 
nesses (in mm.) are recorded at the approximate 
area measured. 


xL1) in the enamel of the three teeth and the 
average D.R. in the alloy are given for each 
kilovoltage. From an inspection of the ratios, 
1). R. in enamel 
1). R. in alloy 
three teeth it is evident that there is no regular 


, at each kilovoltage for the 
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increase with increasing kilovoltage. There- 
fore, the mass absorption coefficient of the 
alloy is shown to be near enough to that of the 
enamel to make it suitable for use in studying 
this tissue. Furthermore, since the average 
ratio is equal to 0.986 the alloy absorbs radia 
tion, thickness for thickness, in the same pro- 
portion as does enamel (within the error of the 
method). 

A piece of this Zn-Al alloy was then ground 
by the Bausch and Lomb Optical Company 
into a penetrometer similar in dimension to the 
aluminum step tablet or “dentine scale,” i.e., 
penetrometers I and II. The Zn-Al alloy pene- 
trometers will be referred to as the “enamel 
scale,” or as penetrometers III and IV. The 
micrometer measurements of the thickness of 
the various parts of each step of the enamel 
scale are given in Figure 34. A variation of less 
than +0.01 mm. is found in each step. 

To test the suitability of these penetrom- 
eters, one of the dentine scales (penetrometer 
No. I) and the 2 enamel scales (penetrometers 
No. II] and IV) are placed on a paper-covered 
film with four tooth slabs (No. 13, 36, 48 and 


XLII 


30 KV., 30 MA., 1§ INCHES, I SEC., NO FILTER, BLACK PAPER, ENAMEL SCALE 
FILM $34E66 $34E67 $34E68 
DeENSITOMETER READINGS 
Penetrometer 
lll IV lV | IV 
Step I 2.00 1.98 2.06 2.06 1.94 1.93 
.44 1.44 1.50 1.40 1.38 
3—1.08 1.08 ae 1.18 1.06 1.06 
4—O.82 0.84 0.95 0.80 80 
s—o.7I 0.72 0.79 | 0.64 64 
6—o.61 0.62 0.66 >. 66 | 0.56 
7—O.56 0.53 0.60 .60 | 0.49 0.50 
8—o.§5§ 0.54 0.60 0.59 | 0.48 0.48 
Tooth No. Enamel Dentine Enamel Dentine Enamel Dentine 
| Right Left Right Left Right Left Right Left Right Left Right Left 
13 | 0.93 0.93 1.36 1.38 1.02 1.03 1.42 1.44 | 0.86 0.87 46 1.22 
36 0.94 0.94 1.43 1.47 1.01 1.03 1.46 1.50 0.89 0.89 1.35 1.4! 
48 0.9§ 0.95 1.05 1.00 1.43 1.45 0.89 1.25 
58 0.95 0.95 1.35 1.35 1.05 1.03 1.43 1.45 | O.91 0.91 1.33 1.36 
Zn-Al 
Values 
13 ».86 0.86 0.53 0.86 0.85 >. $4 O.gI 0.g0 
36 ».85 0.85 0.49 0.47 0.87 0.85 .§2 0.49 0.88 0.88 49 0.406 
48 1.84 0.84 0.83 0.88 6.9% 0.88 0.88 
58 0.84 1.54 0.54 0.83 0.85 0.53 0.52 | 0.86 0.86 
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XLIII 
40 KV., 30 MA., 15 INCHES, } SECOND, NO FILTER, BLACK PAPER, ENAMEL SCALE 
ILM $34E69 $34E70 $34E71 
DENSITOMETER READINGS 
Penetrometer 
IV lV IV 
Step 1—2.65 
2—2.21 2.28 2.32 2.29 2.39 
3—1 .87 1.92 1.98 1.9 1.98 1.99 
4 1.62 1.66 1.66 1.68 35 .69 
1.43 1.46 1.49 1.48 1.49 
6—1.24 1.26 1.31 32 
8—1 .06 1.09 82 
Tooth No. Enamel Dentine Enamel Dentine Enamel Dentine 
Right Left Right Left Right Left Right Left Right Left Right Left 
13 1.65 1.66 3.75 2.4% 23.9% 2.36 3.20 
36 1.67 1.68 3.3% 1.96 1.83 1.82 2.48 
45 1.72 1.66 2.10 2.32 1.99 2.2 4.35 1.80 1.81 2.29 
2.45 1.70 1.80 2.44 77 2.26 2.22 
Zn-Al 
Values 
13 $s .93 8g -§4 0O.g2 0.53 ©.§2 
36 .89 SI $2 .39 .48 0.49 0.85 0.86 0.45 
48 .84 9 $4 $7 0.87 0.89 0.87 0.53. 
.86 84 $7 $6 ».8g 0.86 §2 §2 0.gO 0O.g0 ©.$7 
58, of thicknesses 0.85, 0.84, 0.82 and 0.83 0.88 mm., for the dentine about 0.53 mm. 


mm. respectively) between the enamel scales. 
hen two series of roentgenograms are made 
at 30, 40, so and 60 kv. in triplicate. 

In Table xii are given the D.Rs. in the 
various steps of penetrometers III and IV in 
the triplicate films taken at 30 kv., 30 ma., 15 
inches, 1 second, ne tube stand filter and black 
paper-wrapped films. The D-T curves (not 
shown) are fairly steep, not greatly different 
from those obtained using the dentine scale. 
The Zn-Al alloy equivalents for the enamel 
average about 0.86 mm. and for the dentine 
about 0.52 mm. The average thickness of the 
four teeth is 0.835 mm., which is in fair agree- 
ment with the Zn-Al equivalent. 

In Table xii are given the D.Rs. in the 
various steps of penetrometers III and IV in 
the triplicate films taken at 40 kv., 30 ma., 15 
inches, ? second, no tube stand filter and black 
paper-wrapped film. The D-T curves (not 
shown) are less steep than those at 30 kv. and 
placed higher in the density range. The Zn-Al 
alloy equivalents for the enamel average about 


values slightly greater than those obtained at 
30 kv. 

In Table xtiv are given the D.Rs. in the 
various steps of the penetrometers III and IV 
in the triplicate films taken at 50 kv., 30 ma., 
15 inches, 4 second, no tube stand filter, black 
paper-wrapped films. The D-T curves (not 
shown) are less steep than at lower kilovoltages 
and placed higher in the density range. The 
Zn-Al alloy equivalents for the enamel average 
about 0.87 mm., for the dentine about 0.50 
mm., values slightly less than those at 40 kv., 
and like those at 30 kv. 

In Table xtv are given the D.Rs. in the 
various steps of penetrometers III and IV in 
the triplicate films taken at 60 kv., 30 ma., 
15 inches, } second, no tube stand filter and 
black paper-wrapped films. The D-T curves 
(not shown) are less steep than those at lower 
kilovoltages and of the least curvature. The 
Zn-Al alloy equivalents for the enamel average 
about 0.91 mm., for the dentine about 0.52 
mm., values higher than those at other kilo- 
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Taste XLIV 
SO KV., 30 MA., I§ INCHES, } SECOND, NO FILTER, BLACK PAPER, ENAMEL SCALE 
FILM S34E72 $34E73 S34k74 
DENSITOMETER READINGS 
Penetrometer 
Ill lV IV Ill 
Step I 
2 2.66 2.0 2.6 2.63 
3-2 .40 2.34 2.35 2.39 2.49 2.44 
.90 1.96 1.95 1.99 2.06 2.03 
O—1 . 35 1.82 1.83 1.83 1.92 1.9 
1.61 I 64 1.62 1.63 I 69 1.69 
Tooth No. Enamel Dentine Enamel Dentine Enamel Dentine 
Right Left Right Left Right Left Right Left Right Left Right Left 
13 2.16 2.22 2.67 2.22 3.33 2.64 2.67 2.33 3.32 2.74 
36 2.20 2.64 2.68 2.90 23.22 2.66 2.67 2.9) 
48 2.20 2.30 2.66 2.65 23.2% 2.66 2.62 4.93 2.7 
2.37 2.64 2.66 23.31 2.§9 2.34 2.30 «62.9 
Zn-Al 
Values 
13 0.53 0.89 89g §2 .48 86 87 48 
36 89 Oo 83 .43 0.86 =O gO 438 O.8¢ 
48 0.83 0.79 0.46 0.47 0.85 0.87 49 0.53 ».87 0.86 51 49 
79 0.82 0.47 0.91 $8 0.56 0.85 89 


voltages for the enamel; for the dentine little 
difference can be shown in the averages at 
different kilovoltages. 

To give a general idea as to the shape and 
position of the D-T curves, the average D.R. 
in each step of the 3 triplicate films is given in 
Table xtvi and the average D-T curves are 
plotted in Figure 35. As is the case using the 
dentine scale, the steepness of the D-T curves 
increases markedly with decreasing kilovolt- 
age, consequently the lower kilovoltage, 30 kv., 
is taken for general use in the study of enamel. 
In order to illustrate the change of slope of the 
D-T curves and at the same time to compare 
the slopes of the D-T curves under the enamel 
scale (penetrometers III and IV) with the 
slopes of the D-T curves on the same film 
under the dentine scale (penetrometer II), one 
film at each kilovoltage is selected for study. 
Film 53466 is chosen at 30 kv., S34E69 at 
40 kv., S34F72 at so kv. and $34F75 at 60 kv. 


In Table xvii are given in the upper half the 
D.Rs. in the various steps of the enamel scale 
(penetrometers III and IV), in the lower half 


the D.Rs. in the dentine scale (penetrometer 
11) on the same film. In order to make the D-T 
curves easily comparable by a glance, a suitable 
constant was subtracted from each D.R. at 
the higher kilovoltages under the enamel scale, 
thus 0.20 was subtracted from each “‘d”’ at 40 
kv., 0.35 at so kv., and 0.10 at 60 kv. The D-T 
curves for the remainders are then plotted, as 
shown in Figure 36. The decrease in slope is 
evident as the kilovoltage is increased. It is 
desirable to compare the D-T curves for the 
dentine scale to the D-T curves for the enamel 
scale on the same films not only in shape but 
also in position, 1.e., so that the different heights 
represent the actual difference in D.Rs. be- 
tween the two scales. From Table xtvii it may 
be seen that in film $34E66, for example, the 
D.R. in Step 1 of the enamel scale is about 0.2 
density units less than the D.R. in Step 1 of 
the dentine scale. By comparing other steps of 
the two scales on this and the three other films 
it is evident that the average difference step 
for step is about 0.2 density units. Therefore, 
in order to make the curves at the same kilo- 
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voltage for the two scales lie side by side, we 
have subtracted 0.20 from each D.R. in the 
dentine scale at every kilovolt. Further, in 
order to keep the D-T curves for the two scales 
comparable the same constant must be sub- 
tracted from the D.Rs. in the dentine scale as 
in the enamel scale, 1.e., 0.20 at 40 kv., 0.35 at 
so kv. and 0.10 at 60 kv. The remainders are 
given in Table xtvit and the D-T curves are 
plotted in Figure 36. It is evident that the D-T 
curves from the same film for the dentine scale 
and for the enamel scale are similar but slightly 
different, the D-T curve for the dentine scale 
having a slightly larger radius of curvature in 
each case. 

We have proposed that the test for a suitable 
material for the enamel scale be that the Zn-Al 
equivalent for enamel be independent of volt- 
age change. In order to show the limits of the 
precision of our enamel scale in conforming to 
this requirement, the average Zn-Al values for 
tooth slabs No. 13, 36, 48 and §8 at 30, 40, 50 
and 60 kv. are given in Table xtvitt along with 
the ratio of the Zn-Al value to the thickness of 
the various slabs. It was evident from a graphi- 
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cal study of the data that there is no regular 
difference between the Zn-Al values from the 
right and from the left side of any tooth at the 
various kilovoltages. Further, there is no evi- 
dence of a marked difference between the teeth. 
It is seen that the Zn-Al values are closest 
grouped at 30 kv. and most scattered at 50 kv., 
a graphical illustration of the improved re- 
producibility at 30 kv. over higher kilovoltages. 
The average Zn-Al values averaged at each 
kilovoltage for all the teeth is shown in Figure 
37. A slight trend of perhaps 5 per cent is ob- 
served in the Zn-Al values for the enamel which 
means that within 5 per cent the Zn-Al alloy 
equivalent is independent of voltage change 
from 30 to 60 kv. The average Zn-Al equivalent 
of the dentine varies only 0.03 density units 
which, however, represent a 6 per cent variation 
because the Zn-Al equivalent for the dentine 
with this penetrometer average about 0.5 mm. 
The ratios of Zn-Al value to the thickness ap- 
pear to have lower values at 30 and 50, higher 
values at 40 and 60 kv., doubtless attributable 
to experimental error. 

Since the two dentine scales are not used and 


TABLE XLV 


MA 


S$34E75 
DENSITOMETER READINGS 
Penetrometer 


Il Lil 

Step I—2.80 2.82 2. 6c 
22.42 2.45 2.4 
3—2.17 2.31 2.02 
4-—2 .0O I .g9 1.89 
Ss—1.86 1.86 1.65 
77 78 1.56 
1.6 
8—1.55 1.40 


Enamel Dentine 


Right Left Right Left Right 
13 2.0% 72.01 2.44 2.41 1.387 
36 2.04 2.02 2.42 2.41 1.88 
48 2.04 2.06 2.42 2.48 1.87 
2.03 2.35 2.39 1 .go 
Zn-Al 
Values 
13 95 9§ 0.40 SI 0.93 
48 88 . 50 
cS g2 >.88 


Enamel 


1. 


I 
I 


-» 1§ INCHES, j SECOND, NO FILTER, BLACK PAPER, ENAMEL SCALE 


S34E76 S34E77 
lV lV 
2.55 2.6% 2.54 
2.20 2.27 2.28 
1.99 2.00 2.03 
.o7 1.82 1.83 
1.56 | 1.56 1.59 
1.46 1.48 1.46 
1.41 I.40 I .4l 


Dentine Enamel 


Dentine 


eft Right Left Right Left Right Left 
87 2.43 2.21 | I.gt 1.88 2.26 2.2% 
89 2.23 2.24 | 42.90 1.61 2.24 2.2% 
.86 2,26 | 1.88 1.88 2.23 2.28 
.86 2.25 1.gO 1.88 2.22 
93 0.87 O.gl 0.55 
go .88 0.87 O.51 
94 O.gI 0O.gI 0.63 
0.59 0.88 0O.gI oO. 
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Fic. 35. The average D.Rs. in each step of the tripli- 
cate films are plotted against the proper thick- 
nesses for each kilovoltage. 


therefore average D.R. are not available, the 
I.Vs. for dentine using the Zn-Al penetrometer 
are not so invariant as usual, however, since 
the Zn-Al values for dentine have been found 
on these same films the I.Vs. are of interest. 
In Table xuix are given the D.Rs. in the 
various steps of the dentine scale (penetrometer 
Il) in the same 3 films described above taken 
at 30 kv. The D-T curves (not shown) are 
typical. The I.Vs. for the enamel average about 


TasBLe XLVI 


AVERAGE D. RS. IN 3 FILMS AT VARIOUS 
KILOVOLTAGES 


DENSITOMETER 
READINGS 
Penetrometer 


30 ko. jo kv. 50 kv. 60 kv. 
Step I—2.00 2.64 
2—1 .40 2.33 
.50 1.96 2.40 2.07 
4 35 1.67 2.18 1.g 
5 72 1.46 2.00 1.75 
6 61 1.29 1.86 1.61 
1.16 
$4 1.65 1.46 
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Fic. 36. By proper adjusting (see Table xivi1), the 
D-T curves for the “enamel scale” (dash lines) 
and for the “dentine scale” (full lines) are plotted 
at the various kilovoltages. Note the greater 
radius of curvature in each case for the D-T curve 
of the “dentine scale.” 


1.40 mm. Al, for the dentine about 0.81 
Al, values in all respects typical. 

In Table t are given the D.Rs. in the various 
steps of the dentine scale*(penetrometer II) in 


mm. 
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Kic. 37. The average Zn-Al values for enamel and 
dentine are plotted against the kv. Note the mag- 
nitude of Zn-Al values and short distance between 
lines for enamel and dentine. 
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Hic. 38. Average I.Vs. for enamel and for dentine Fic. 39. The theoretical average ratio of 1.003 [ob- 


plotted against the kv. Inasmuch as these I.Vs. 
are from the same films as the Zn-Al values of 
igure 37, it is interesting to compare the mag- 
nitude of the values and the relatively longer dis- 
tance here between lines for enamel and dentine. 


the 3 films described above taken at 40 kv. The 
1)-T curves (not shown) are typical. The I.Vs. 
for the enamel average about 1.43 mm. Al, for 
the dentine about 0.78 mm. Al, values in all 
respects typical. 


In Table tt are given the D.Rs. in the vari- 


tained by averaging the average I.V. (mm. Al) 
for dentine with the average Zn-Al value (mm. 
Zn-Al alloy) for enamel] is approached at 30 kv. 
The averages for increasing kilovoltage appear to 
deviate increasingly from the theoretical but in 
opposite senses, the I.Vs. for dentine becoming 
smaller, the Zn-Al values for enamel becoming 
larger. 


ous steps of the dentine scale (penetrometer IT) 
in the 3 films taken at so kv. The D-T curves 
(not shown) and the I.Vs. are typical, the latter 


TaB_Le XLVII 


ENAMEL SCALE, AVERAGE D.R. FOR PENETROMETERS III AND IV 
itm $34E66, 30 kv. S34E69, 40 kv. S34E72, 50 kv. S34E75, 60 kv. 
Step d d d—0.20 d d—0.35 d d—o.10 
Step i-——2 2.65 2.45 2.80 2.70 
.44 2.65 2.01 2.66 2.42 2.32 
5 1.62 1.42 1.67 2.00 I.go 
5 71 1.4 1.99 1.54 1.86 1.76 
6 61 1.04 1.85 1.40 1.71 
7 56 1.68 1.23 1.60 
8 1.06 1.61 1.16 bugs 1.45 
DENTINE SCALE 
Penetrometer I1 (d —o.20) (d 20) (d —o.20) 
Step d d ».20 d -0.2 d 35 d — 3.10 
Step I—2.22 2.02 
2—1.76 1.56 2.42 2.02 2.59 2.29 
2.15 1.75 2.6 2.82 2.41 2.11 
1.02 1.95 2.40 2.29 1.99 
.04 84 1.8C 1.8 2.44 1.84 
6 rele) 6g 1.64 2.24 1.69 2.03 
7 73 1.$4 1.14 2.06 1.93 1.63 
5 73 53 1.42 1.02 1.96 1.41 1.79 1.49 


| 


Tooth No. 


ILM 


H. C. Hodge, W. F. Bale, S. L. Warren, G. Van Huysen 


Average Zn-Al Value or Equivalent 
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5 
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I 2 
I .O2 
1.0§ 
I 2 
KV., 30 MA 


S34E.66 


DENSITOMETER READINGS 


Penetrometer 


Step 


496 
cs 


Inter 
pe lated 
Values 


Al) 


(mm. 


Il 
1.70 
1.42 
I .O4 
89 
7h 
73 
Enamel Dentine 
Right Left Right Left 
93 0.93 
94 94 1.43 1.47 
9§ 0.95 «8.39 
95 0.95 1.3§ 
1.4 1.4 82 0.80 
1.38 1.38 7 0.72 
638.37 0.83 
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kv. 

4 
D I D 
§3 gl $3 
.49 88 47 
§2 S4 
$3 87 


Zn-Al Value 


Ratio 
Chickness (mm.) 
.62 62 
1.05 
63 I 7 66 
64 I § 66 


Taste XUIX 


$34E67 


2.3 
|} 1.84 
| 1.53 
1.32 
1.12 
96 
87 
| 0.8¢ 
Enamel 
Right Left Right 
1.02 1.03 1.42 
3.03 1.46 
1.05 I 1.43 
1.05 1.03 
87 
1.41 
1.34 1.42 86 
3.37 >.86 


1. 
1. 
I. 


~ 


Dentine 


P eft 


1.4 
1 
0.72 
0.66 


g2 
Gi 
I 5 
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Enamel 


Right 
0.386 
0.89 
0.89 


Left 
>.87 
0.89 
0.89 
gI 
1.43 
1.40 
1.4 
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+ + 


val 


Dentine 


Right 
1.36 
1.33 
1.35 
8 


Left 
I 
1.34 
54 
75 
02 


834 
3 6 | 
D D 
13 88 $3 
87 47 
45 .49 5 
c8 >. 51 
13 I .O4 62 6 
1.04 ch 61 
48 1.06 Hb 
61 
| 
4 
6 
Tooth No. 
| 
13 44 
6 
| 
1.45 
13 85 1.45 
-79 
49 34 1.4 
58 .04 | 1.37 


VoL. No. 


for the enamel average about 1.41 mm. Al, for 
the dentine about 0.80 mm. Al. 

In Table tu are given the D.Rs. in the 
various steps of the dentine scale (penetrometer 
Il) in the 3 films taken at 60 kv. The D-T 
curves (not shown) and the I.Vs. are typical, 
the latter for the enamel average about 1.46 
mm. Al, for the dentine about 0.7g mm. Al. 

The average I.Vs. for each tooth are col- 
lected in Table tint and the average I.Vs. are 
plotted as ordinates in Figure 38. Typical mag- 
nitudes but variations a little larger than usual 
are found. However, the increase in the I.Vs. 
for enamel amount to about 0.06 mm. Al on 
the average which is about one and a half times 
that found using the enamel scale. 

It is interesting to note that using the Zn-Al 
alloy equivalents are found which average 
about 0.88 mm. for the enamel and 0.52 mm. 
. enamel . 0.88 
for the dentine, the ratio of - 1s or 

dentine 0.52 
1.69, whereas using the I. Vs. using the Al scale 


Roentgen-ray Absorption of Tooth Slabs 


from the same films the ratio of averages 


enamel . 1.425 , ‘ 

1S , or 1.79, an increase of § per 
dentine 0.795 
cent. 


A collection of the interpolated values for 
dentine obtained from the aluminum pene- 
trometers and the values for enamel from the 
Zn-Al penetrometers show ratios averaging 
within 5 per cent of the expected figures (Table 
Liv). Aluminum is somewhat too dense and the 
94 per cent Al 6 per cent Zn alloy too light for a 
strict thickness relation with the portion of the 
tooth substance for which it is used. The closest 
values are obtained at 30 kv. (see Fig. 39) where 
average ratios for enamel using the alloy are 
1.027 and for dentine using aluminum are 0.977 
for the four teeth compared. The small varia- 
tion with voltage (wave length) change is evi- 
dence that the penetrometers are not exactly 
fitted but even so they are sufficient for the 
purpose of this study. 

The fact that such a close correlation is ob- 


TABLE L 


40 KV., 30 MA., I§ INCHES, : SECOND, NO FILTER, BLACK PAPER, DENTINE SCALE 


FILM S34E69 
DENSITOMETER READINGS 
Penetrometer 


I] 
Step | 
2—2 .42 2.54 
2.4 
.95 2.07 
O—1 .04 1.74 
7—1.54 1.57 
.42 1.49 


Tooth No. Dentine 


Enamel 


Right Left Right Left Right 


13 1.65 1.66 2.22 3.0 
36 1.67 1.68 2.2% 2.%6 
48 3.66 2.16 2.32 1.83 
58 72 2.43 1.76 
Inter- 
polated 
Values 
(mm. Al) | | 
13 | 1.49 1.47 | 1.60 
36 1.45 1.43 71 73 1.50 
48 1.30 1.47 75 0.79 I .33 


Enamel 


Left 


I 
I 


S34k 7 $34E71 


Dentine Enamel Dentine 


Right Left | Right Left Right Left 


.76 2.35 2.% 1.83 1.82 2.40 2.38 
79 2.26 2.26 1.80 1.81 2.28 &.33 
80 5.95 4.77 2.26 2.22 
0.84 0.82 0.80 0.79 
44 0.75 0.76 3.90 0.70 0.72 
39 0.80 0.81 1.4% 0.78 0.86 
0.81 0.81 | 1.47 0.83 0.87 


t 
I] 
2.63 
2.99 
2.11 
1.94 
1.74 
1.61 
1.50 
I 
I 
I 
58 1.4 1.36 -79 1.44 I 


$O KV., 3O MA., 

S34E72 

DENSITOMETER READINGS 
Penetrometer 


ll I] 

Step | 
.67 | 2.60 
4—2.46 | 2.44 
5—2.35 | 2-32 
O—2 .24 |} 2.19 
7—2.06 2.03 


8—1.96 1.96 


Tooth No. Enamel Dentine 


Right Left Right Left Right 
13 2.13 2.20 2.57 2.23 
36 2.20 2.26 2.64 2.68 2.26 
45 2.3% 3.30 2.66 2.65 2.27 
58 2.4) 2.64 2.65 2.20 
Inter- 
polated 
Values 
(mm. Al) 
13 1.63 1.49 0.9§ 0.88 1.38 
36 1.49 1.37 0.79 9.75 
48 1.37 3.36 0.77 0.78 1.3! 
58 3.36 0.79 0.78 1.44 


tained between the thickness of the tooth sub- 
stance and the penetrometer and that the mass 
absorption coefficients calculated from tables 
giving values for monochromatic wave lengths 
can be directly applied to white radiation and 
that the densitometric findings are so constant 
is of great importance since the basic principles 
involved are probably quite close to our as- 
sumptions in practice. It is not only possible, 
but very probable that a small portion of tissue 
from any individual tooth may vary from the 
average for that tooth tissue as a whole and 
that any area studied on a given film is hard 
to locate accurately from film to film so that 
ratios with as little variation as shown indicate 
a high precision for a method still in a some- 
what crude stage of development. 

By a fortuitous combination of circum- 
stances aluminum absorbs almost thickness for 
thickness the same amount of roentgen radia- 
tion as dentine; furthermore, the Zn-Al alloy 
absorbs thickness for thickness almost like 
enamel. The circumstances which are respon- 
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534E74 


Il 


14 
.O7 


PKR W 


Dentine Enamel Dentine 


eft Right Left Right Left Right Left 
23 2.64 2.67 2.33 2.32 2.74 
22 2.67 2.67 2.34 

21 2.57 2.59 2.34 2.3 2.72 2.7 
76 0.73 1.43 1.45 ». 78 
-40 9.74 9.73 1.40 

34 0.98 1.43 ».84 82 
43 0.85 0.82 1.40 1.48 >. 82 84 


sible are the near identity of mass absorption 
coefficients which would only permit the thick- 
ness for thickness equality (experimentally 
found) when the physical densities are also 
nearly identical. That the total physical density 
of dentine is 2 or greater and enamel is about 3 
has been shown experimentally. The density of 
Al being 2.7 and the Zn-Al alloy having a cal- 
culated density of 2.96, it is possible to calculate 
from the average ratio of I.V. per unit thick- 
ness for enamel and for dentine (Fig. 39) that 
the effective density for the opaque mineral 
constituents is 2.74 in dentine and 2.82 in 
enamel. These figures may be subjected to re- 
vision by further experimental work yet have 
considerable importance due to the fact that 
density measurements of the mineral constitu- 
ents have not been feasible by usual physical 
methods. The net result of the practical equiva- 
lence of the mass absorption coefficient of Al 
to dentine and of the Zn-Al alloy to enamel, 
together with the practical equivalence of the 
respective densities is to give mm. Al equivalent 
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S34E73 
.§d 
I 
I 
I 
I 
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DENSITOMETER READINGS 
Penetrometer 


Step | 


45 
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2.59 
2.41 
2.29 
> 
2.03 
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Right Left 
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2.04 2 2 
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76 S34E 6 
2.07 
2.44 
2.2% 
2.08 
I .gd 
1.87 
177 
1.67 
Dentine Enamel 
Right Left Right Left Right 
2.44 2.41 1.87 4.37 
2.42 2.4! 1.58 1.89 2.23 
2.43% 3.42 1.87 1.86 2.87 
3.40 I.g 1.86 
74 9 9 
77 g 1.48 1.45 -79 
77 77 .88 
8 3 82 3.2 82 
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Average I.V. Dentine Scale 


kv. 
3 4c 
I D I 
1.41 ».83 1.47 8 
1.39 78 1.43 73 
1.42 .82 I .4C .79 
.83 1.42 
. LY. (mm. Al) 
Ratio = 

Thickness 
1.66 .9d ex 
1.65 >.93 87 
73 I .OC ».96 
1.65 1 .O ».g8 


Dentine 


Left 
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S34E77 
2.68 
2.42 
2.23 
2.06 
1.95 
1.86 
Py 
1.607 
Enamel 
Right Left Right 
1.88 2.26 
1.g I 2.24 
1.88 1.88 2.23 
1.g 1.88 
o.73 
0.74 
1.44 1.44 0.75 
1.38 41.44 0.76 
£0 60 
D 
0.82 .48 
0.75 44 
0.79 .46 
-47 
0.96 74 
8g 71 
96 9 
0.99 77 


.98 
.g8 


Left 
2.24 
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Average Values: Zn-Al Value for Enamel; Al Value for Dentine 


kv. 
Tooth No. Phickness 30 40 SO 6 
mm. 
D D I D I D 
13 0.85 0.87 0.83 0.gI 0.80 0.88 0.82 g2 77 
36 0.84 0.86 0.78 0.88 79 0.87 0.75 
48 0.82 0.86 0.82 | 0.87 0.85 Qa.79 ».gI 8 
58 0.83 0.85 0.83 0.87 0.81 86 0.82 ».g2 
. Zn-Al Value ._,. Al Value . 
Average Ratios: — for Enamel; = for Dentine 
Phickness Chickness 
kv. 
Tooth. No. 30 40 te) 60 
D D D I D 
13 | 0.98 1.07 ».94 I .O4 0.96 1.085 Ql 
36 1.02 | 0.93 1.05 | 0.87 1.04 0.89 1.07 G2 
45 I .0O 1.07 0.96 1.06 0.96 1.1 .98 
5d 1.02 I I.0§ 9.98 I .04 0.99 2.98 
| 
Average 1.027 0.977 1.06 0.937 1.04 | 0.95 1.09 .947 
per unit thickness of dentine numerically equal stitution or experiment for the wave 


to the mm. Zn-Al alloy equivalent per unit 
thickness of enamel. 


SUMMARY AND CONCLUSIONS 


1. Any densitometric study of roent- 
genographic densities must entail an ap- 
proximate knowledge of the mass absorp- 
tion coefficients of the atomic structures 
in the tissues to be studied and the average 
mass absorption coefficient obtained for a 
given structure (dentine and enamel) by 
calculation from its known chemical con- 


lengths used. 

2. Astandard for obtaining I.Vs. (inter- 
polated values) of a given structure must 
have a similar total or average mass ab- 
sorption coefficient and when different 
tissues having different coefficients are 
studied, separate standards must be used 
for strictly comparable values. 

3. Aluminum and a 6 per cent zinc- 
aluminum alloy are found to fulfill these 
requirements for dentine (and probably 
bone) and enamel respectively. 
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rence A. Pomeroy, 952 Hanna Bldg., Cleveland, Ohio. 

Executive Committee: E. C. Ernst, Chairman, St. 
Louis, Mo., R. H. Stevens, Detroit, Mich., W. H. 
Cameron, New York City. 

Program Committee: Zoe H. Johnston, Chairman, 
Jenkins Arcade, Pittsburgh, Pa., E. C. Ernst, St. 
Louis, Mo., J. T. Case, Chicago, III. 

Publication Committee: E. H. Skinner, Chairman, 
Kansas City, Mo., Bundy Allen, Tampa, Florida, 
C. L. Martin, Dallas, Texas. 

Research and Standardization Committee: Maurice 
Lenz, Chairman, New York City, Wilhelm Sten- 
strom, Minneapolis, Minn., L. R. Sante, St. Louis, Mo. 

Education and Publicity Committee: G. E. Pfahler, 
Chairman, Philadelphia, Pa., H. H. Bowing, Roches- 
ter, Minn., Henry Schmitz, Chicago, Ill. 

Advisory Committee on Roentgen-ray and Radium 
Protection: J. J. Duffy, Chairman, New York City, 
J. L. Weatherwax, Philadelphia, Pa., W.H. Cameron, 
New York City. 

Faneway Lecture Committee: 
Chairman, New York City. 

Committee on Arrangements: E. H. Skinner, Chair- 
man, Kansas City, Mo., E. K. Robinson, Kansas 
City, Mo., W. R. Brooksher, Fort Smith, Ark. 

Twenty-first Annual Meeting: Kansas City, Mo., 
May 11-12, 1936. 
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JOSEPH COLT BLOODGOOD 
1867-1935 


OSEPH COLT BLOODGOOD was born 

in Milwaukee, Wisconsin, November 1, 
1867 and died in Baltimore, Maryland 
on October 22, 1935. 

Dr. Bloodgood received his bachelor’s 
degree from the University of Wisconsin in 
1888 and his degree of doctor of medicine 
from the University of Pennsylvania in 
1891. After an internship in Philadelphia, 
a year’s residency at Johns Hopkins and a 
period of study in Europe he returned to 
Baltimore and became resident surgeon at 
the Johns Hopkins Hospital in 1893. There- 
after he spent his entire career in Balti- 
more, practicing surgery and occupying 
various teaching positions in the Johns 
Hopkins University School of Medicine. 
He was successively assistant instructor in 
surgery, associate in surgery, associate 
professor of clinical surgery, clinical pro- 
fessor of surgery and at the time of his 
death adjunct professor of surgery. 
Throughout his life he maintained his in- 
terest in general surgery, as is evidenced by 
his numerous publications on a great vari- 
ety of subjects and his membership and ac- 
tive participation in the American Surgical 
Association, the Southern Surgical Associa- 
tion, the American College of Surgeons, the 
Society of Clinical Surgery and the Deut- 
sche Gesellschaft ftir Chirurgie. 

In addition to his general surgical in- 
terests, Dr. Bloodgood for many years 
maintained a special interest in the study 
of cancer. He was a founder and a member 
of the Board of Directors of the American 


Society for the Control of Cancer, member 
of the American Association for Cancer 
Research, one of the founders of the Ameri- 
can Association for the Study of Neoplastic 
Diseases, and a member of the editorial 
board of the American Fournal of Cancer. 

Dr. Bloodgood will perhaps be best re- 
membered for his persistent and long- 
continued efforts to disseminate knowledge 
of cancer both among the medical profes- 
sion and the laity. The conferences which 
he organized in Baltimore and Washington 
in recent years and the material which he 
made available for study by physicians 
everywhere has had a great influence in 
stimulating study of neoplastic diseases. 
His influence was especially felt in bringing 
about improved cooperation among sur- 
geons, radiologists and pathologists in the 
study and treatment of cancer. He main- 
tained a constant interest in the use of 
roentgen rays and radium and was a mem- 
ber of the Radiological Society of North 
America, which in 1929 awarded to him a 
gold medal for his study of malignant 
disease of bones and their diagnosis and 
treatment by means of roentgen rays and 
radium. 

Dr. Bloodgood will be greatly missed by 
the radiologists of this country. They held 
him in high regard not only because of his 
prodigious energy but because of his broad 
and tolerant attitude and his intelligent 
appreciation of the use of the roentgen ray 
and radium in medicine. 

ArTHUR C, CHRISTIE 
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AND NEWS ITEMS 
Items for this section solicited promptly after the events to which they refer. 
MEETINGS OF ROENTGEN SOCIETIES* 


Unirep STaTEs OF AMERICA 

AMERICAN ROENTGEN Ray Society 
Secretary, Dr. F. 
Philadelphia, Pa. Annual Meeting: 
Sept. 29—Oct. 2, 1936. 

AMERICAN COLLEGE OF RADIOLOGY 
Secretary, Dr. 
Chicago, Ill. Annual meeting: Kansas City, Mo., 1936. 

SECTION ON AMERICAN MEDICAL AssociATION 
Secretary, Dr. J. T. Murphy, 421 Michigan St., Toledo, 
Ohio. Annual meeting: Kansas City, Mo. 1936. 

RapIoLocicaL Society oF NortTH AMERICA 
Secretary, Dr. D. S. Childs, 607 Medical Arts Bldg., Syra- 
cuse, N.Y. Annual meeting: Detroit, Mich., Dec. 2-6,1935. 

Rapro.ocicat Section, Battimore City MepIcat Society 
Secretary, Dr. W. B. Firor, 1100 N. Charles St., Baltimore. 
Meets third Tuesday each month, September to May. 

RapioLocicaL Section, Connecticut Stare MEeEpIcAL 
Society 
Secretary, Dr. Max Climan, 242 Trumbull St., Hartford, 
Conn. Meets annually in May. Special meetings may be 
called by the Chairman. 

RapioLocicaL Section, Los ANGELES County MEDICAL 
Society 
Secretary, E. N. Liljedahl, Los Angeles, Calif. Meets on 
the fourth W ednesday of each month at the California 
Hospital. 

RADIOLOGICAL SECTION, SOUTHERN MEDICAL AssocIiATION 
Secretary, Dr. H. J. Walton, 104 .W Madison St., Balti- 
more, Md. Annual meeting, St. Louis, Mo., Nov. 19- 
1935 

Brook.tyn RoENTGEN Ray Society 
Secretary, Dr. E. Mendelson, 120 E. 19th St., Brooklyn, 
N. Y. Meets monthly on first Tuesday, October to April. 

BurraLo Society 
Secretary-Treasurer, Dr. Joseph S. Gian-Franceschi, 610 
Niagara St., 
each month except during summer months, place of 
meeting selected by the host. 

CuicaGo RoENTGEN SOCIETY 
Secretary, Dr. R. G. Willy, 1138 N. Leavitt. Meets 
second Thursday of each month October to May inclu- 
sive at the Palmer House. 

CINCINNATI RADIOLOGICAL SOCIETY 
Secretary, Dr. H. G. Reineke, General Hospital Cincin- 
nati, Ohio. Meets third Monday of each month, Oc- 
tober to May, inclusive. 

CLEVELAND RADIOLOGICAL SOCIETY 
Secretary, North W. Shetter, M.D., 14600 Detroit Ave. 
Meetings are held at 6:30 p.m. at the Cleveland Chamber 
of Commerce Club rooms on the fourth Monday of each 
month from October to April, inclusive. 

Denver Rapio.ocicaL CLus 
Secretary, Dr. K. D. A. Allen, 452 Metropolitan Building, 
Denver, Colorado. Meets on any month having a fifth 
Monday. 

Detrroir Ro—eNTGEN Ray Rapium Society 
Secretary, Dr. E. R. Witwer, Harper Hospital. Meets 
monthly on first Thursday from October to May, at 
Wayne Country Medical Society Building. 

Fioripa State Society 
Secretary, Dr. Gerard Raap, Miami, Florida. Meetings 
held twice a year, May and November. 

ILtinors RADIOLOGICAL SocIETY 
Secretary, Dr. H. W. Grote, 219 N. Main St., 
ton, Ill. Regular meetings held quarterly. 


Blooming- 


P. Pendergrass, University Hospital, 


Cleveland, Ohio, 


B. H. Orndoff, 2561 N. Clark Street, 


Buffalo, N. Y. Meets second Monday of 


INDIANA ROENTGEN Society 
Secretary, Dr. J. N. Collins, Indianapolis, Ind. Meeting 
held the second Sunday in May annually. 

Lone Istanp Rapro.ocicat Society 
Secretary, Dr. M. Dannenberg, 1464 Eastern Parkway, 
Brooklyn, N. Y. Meets on third Thursday of each month 
from October to May, at 8:30 P.M 

MICHIGAN ASSOCIATION OF RoENTGENOLOG ISTS 
Secretary, Dr. S. W. Donaldson, St. Joseph’s Mercy 
Hospital, Ann Arbor, Mich. Three meetings a year, Fall, 
Winter, and Spring. 

MiILWAvuKEE RoeEntGEN Ray Society 
Secretary, Dr. S. A. Morton, Columbia Hospital, Mil- 
waukee, Wis. Meets monthly. Place of meeting designed 
by the president. 

Minnesota RADIOLoGICcAL SociETY 
Secretary, Dr. L. G. Rigler, University Hospital, Minne- 
apolis, Minn. 

New Roentcen Ray Society 
Secretary, Dr. Thomas R. Healy, 370 Marlboro St., 
Boston, Mass. Meets monthly on third Friday, Boston 
Medical Library. 

Society or New JERSEY 
Secretary, Dr. P. S. Avery, New Brunswick, N. J. Meets 
annually at time and place of State Medical Society. Mid- 
year meetings at place designated by the president. 

New York RoeEntGEN Society 
Secretary, Dr. E. F. Merrill, 30 W. 
Meets monthly on third Monday, 
of Medicine, at 8:00 P.M. 

NortH RoentGceN Ray Society 
Secretary, Dr. Major Fleming, Rocky Mount, N. C. An- 
nual meeting at time and place of State Medical Society. 
Mid-year scientific meeting at place designated. 

CenTraL New York RoentcGEN Ray Society 


sgth St., New York. 
New York Academy 


Secretary, Dr. C. F. Potter, 820 S. Crouse Ave., Syra- 
cuse, N. Y. Three meetings a year—January, May, and 


November. 

Paciric RoENTGEN CLuB 
Secretary, Dr. L. H. Garland, 450 Sutter St., 
cisco, Calif. Meets annually, 
fornia Medical Association. 

PENNSYLVANIA RADIOLOGICAL SOCIETY 
Secretary, Dr. L. E. Wurster, Williamsport, Pa. Next an- 
nual meeting June 5 and 6, 1936, Lycoming Hotel, Wil- 
liamsport, Pa. 

PHILADELPHIA ROENTGEN Ray Society 
Secretary, Dr. Thomas Loughery, Germantown Hospital. 
Meeting first Thursday of each month from October to 
May inclusive, at 8:15 p.m., in Thompson Hall, College 
of Physicians, 19 S. 22d St. 

RocuesterR Roentcen Ray Sociery, Rocuesrer, N. Y. 
Secretary, Dr. W. W. Fray, Strong Memorial Hospital. 
Meets monthly on second Thursday from October to 
May, inclusive, at 7:45 at the Rochester Medical Asso- 
Building. 

Sr. Louis Roentcen Ray Society 
‘en. Dr. P. C. Schnoebelen, Missouri Bldg., St 
Louis, Mo. Meets first week of each month. Time and 
place of meetings designated by president. 

SoutH Caroitina X-Ray Society 
Secretary, Dr. R. B. Taft, 105 Rutledge Ave., Charleston. 
Meets at time and place of South Carolina State Medical 
Association. 

TENNESSEE RADIOLOGICAL SOCIETY 
Secretary, Dr. F. B. Bogart, 311 


San Fran- 
during meeting of Cali- 


Medical Arts Bldg. 


* Secretaries of Societies not here listed are requested to send the necessary information to the Editor. 
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Chattanooga, Tenn. Meets annually at the time and 
place of the Tennessee State Medical Association. 
Texas Society 
Secretary-Treasurer, Dr. J. H. Smith, Lubbock, Texas. 
Meets annually one day preceding the meeting of the 
Texas State Medical Association. 
University oF DEPARTMENT OF ROENTGEN- 
oLocy Starr MEETING 
Secretary, Dr. C. B. Peirce, University Hospital, Ann 
Arbor, Mich. 
Meets each Monday evening from September to June, at 
7 p.M. at University Hospital. 
University or Wisconsin ROENTGEN CLUB 
Secretary, Dr. E. A. Pohle, 1300 University Ave., Mad- 
ison, Wis. 
Meets monthly on last Thursday, October to April, 
Service Memorial Institute, at 4:30 P.M. 
VirGINIA ROENTGEN Ray CLusB 
Secretary, Dr. V. W. Archer, University Hospital, Uni- 
versity, Va. 
Meets annually in October. 


CuBA 


SocieEDAD CuBANA DE RaDIOLociA y FISIOTERAPIA 
Secretary, Dr. Francisco Padron, Enrique, Villuendas 64, 
Havana, Cuba. Meets monthly in Havana. 


British Empire 


British INstiruTE OF RapioLtocy INCORPORATED WITH 
THE RONTGEN Society 
Meets on the third Thursday of each month, from No- 
vember to June inclusive, at 8:15 p.M., at 32 Welbeck St., 
London, W. 1, or as advertised. 

E_ecrro-THERAPEUTIC SECTION OF THE RoyAL Society 
or MepictnE (ConFINeD To MepicaL 
Meets on the third Friday of each month during the 
winter at 8:30 p.m. at the Royal Society of Medicine, 
1 Wimpole St., London, W. 1. 

Section OF RapioLocy anp Mepicat Evecrricity, Aus- 
TRALASIAN MEpIcAL Concress 
Secretary, Dr. H. M. Cutler, 139 Macquarie St., Sydney, 
New South Wales. 

RADIOLOGICAL SECTION OF THE VICTORIAN BRANCH OF THE 
British MepIcat AssociaTION 
Secretary, Dr. Colin Macdonald, Lister House, 61 Collins 
St., Melbourne, Australia. 

Meets monthly at Melbourne during the winter. 

Section ON RapioLocy, CANADIAN MEDICAL AssociATION 
Secretary, Dr. A. H. Rolph, 160 St. George St., Toronto, 
Ont. 

Section, New ZEALAND British MEDICAL 
ASSOCIATION 
Secretary, Dr. P. C. Fenwick, The Hospital, Christ- 
church. Meets annually. 


ConTINENTAL Europe 


Society oF ROENTGENOLOGY 
Secretary, Dr. J. Boine, Avenue des Alliés, 134, Louvain 
(Belgium). 
Meets monthly on second Sunday at d’Egmonds Palace, 
Brussels, except in the summertime. 
SociéTé pE Raprotocire Mépicace pe France 
Meets monthly on second Tuesday, except during 
months of August and September, 12 Rue de Seine, Paris. 
SociéETE Suisse pE RaproLocie (SCHWEIZERISCHE RO6nT- 
GEN-GESELLSCHAFT) 
Secretary for French language, Dr. A. Grosjean, La 
Chaux de Fonds. 
Secretary for German language, Dr. Scheurer, Molz- 
gasse, Biel. 
Meets annually in different cities. 
Francaise D’ELEcTROTHERAPIE ET DE RADIOL- 
ocieE MEDICALE. 
Meets monthly on fourth Tuesday, except during months 
of August and September, 12 Rue de Seine, Paris. 
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ASSOCIATION OF GERMAN ROENTGENOLOGISTS AND RapI- 
OLOGISTS IN CzECHO-SLOVAKIA 
Secretary, Dr. Walter Altschul, German University, 
Prague, 11.52. 

DeuTscHE RONTGEN-GESELLSCHAFT (GESELLSCHAFT FUR 
RONTGENKUNDE UND STRAHLENFORSCHUNG) 

Meets annually in April, alternating one year in Berlin, 
one year in some other German city. Meets in addition 
every two years with the Gesellschaft deutscher Natur- 
forscher und Aerzte. 

Permanent secretary, Professor Dr. Haenisch, Klopstock- 
strasse 10, Hamburg, Germany. 

Siip- unpD WEsTDEUTSCHE RONTGENGESELLSCHAFT 
Meets annually in different cities. 

Norp- unD OsTDEUTSCHE RONTGENGESELLSCHAFT 
Meets annually in different cities. 

Dutcu Society oF ELEcTROLOGY AND ROENTGENOLOGY 
Holds two meetings a year in Amsterdam, one in the 
Spring, and one in the Fall. 

Socreta Irattana Raprotocia Mepica 
Secretary, Professor M. Ponzio, University of Turin, 
Turin. 

SociETATEA ROMANA DE RaDIOLOGIE s1 ELECTROLOGIE 
Secretary, Dr. Virgil Ionescu, B-dul Schitu Magureanu 
49, Bucarest. 

Meets second Monday in every month with the ex- 
ception of July and August. 

Att-Russ1an RoentGeN Ray AssoctatTion, LENINGRAD, 
USSR in the State Institute of Roentgenology and 
Radiology, 6 Roentgen St. 

Secretaries, Drs. S. A. Reinberg and S. G. Simonson. 
Meets annually. 

LENINGRAD ROENTGEN Ray Society 
Secretaries, Drs. S. G. Simonson and G. A. Gusterin. 
Meets monthly, first Monday at 8 o’clock State Insti- 
tute of Roentgenology and Radiology, Leningrad. 

Moscow RoentTcEN Ray Society 
Secretaries, Drs. L. L. Holst, A. W. Ssamygin and S. T. 
Konobejevsky. 

Meets monthly ‘on the first Monday at 8 o'clock, the 
place of meeting being selected by the Society. 

Po.tsu Society oF RADIOLOGY 
Secretary, Dr. Jan. Kochanowski, 45 Gornoslazka St., 
Warsaw. Meets annually. 

Warsaw Section, Society or 
Secretary, Dr. B. Krynski, 11 Zielna St. 

Meets once a month except in the summertime. 

SCANDINAVIAN ROENTGEN SOCIETIES 
The Scandinavian roentgen societies have formed a joint 
association called the Northern Association for Medical 
Radiology, meeting every second year in the different 
countries belonging to the Association. Each of the fol- 
lowing societies, with exception of the Denmark Society, 
meets every second month except in the summertime. 

Society or Mepicat RapioLocy 1n SWEDEN 
Meets in Stockholm. 

Society or Mepicat RaproLtocy 1n Norway 
Meets in Oslo. 

Society or Mepicat Rapio.ocy 1n DENMARK 
Secretary, Dr. G. Biering, Copenhagen. 

Meets on the second Wednesday of each month from 
October to July in Copenhagen, at 8 o’clock in the State 
Institute of Roentgenology. 

Society or Mepicat 1n FINLAND 
Meets in Helsingfors. 

ViENNA ROENTGEN SOCIETY 
Meets first Wednesday of each month, at 6.30 P.M. at 
Zentral-Réntgen Institut desallgemeinen Krankenhauses 
Alserstrasse 4. 


OrIENT 


Japan X-Ray AssociaTION 
c/o Orthopedic Surgery, Tokyo Imperial University. 
Meets annually in April. 

Kinki ROENTGEN-ABEND SOCIETY 
Director, Dr. Prof. Taiga Saito, Ogawaoike Tyoto, 
Japan. Meets bi-monthly on third Sunday. 
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Department Editor: Roserr B. Tarr, M.D., M.S., 105 Rutledge Ave., Charleston, S.C. 


AN IMPROVED TABLE FOR ROENTGEN THERAPY 


By ARTHUR U. DESJARDINS, M.D. 
Section on Therapeutic Radiology, The Mayo Clinic 
ROCHESTER, MINNESOTA 


ROM the standpoint of practical ap- 

plication, roentgen therapy may be 
relatively difficult or easy, according to the 
flexibility of tube holders and accessory 
equipment and their adaptability to meet 
varied requirements. Modern tube stands 
and tube holders, especially those designed 
on the shock-proof principle, are generally 
flexible but, in spite of their flexibility, the 
treatment of some patients may still be 
difficult by reason of an unwieldy table, the 
top of which may be too narrow or may 
not allow the patient to be placed in cer- 
tain necessary positions. The treatment 
table, therefore, is the most important 
single piece of accessory apparatus. Here- 
tofore, manufacturers of equipment for 
roentgen therapy have concentrated their 
attention on generators and on tube stands 
and holders. The problem of adequate 
tables has been left for the roentgenologists 
themselves to deal with as they saw fit. 
The result has been that almost any kind 
of table has been made to serve the pur- 
pose. It is remarkable how one can carry on 
with inferior equipment once the habit of 
working with it has been acquired. 

Long convinced of the need of an im- 
proved treatment table, | was led by the 


Fic. 1. Table with top in extended horizontal posi- 
tion, showing segmented mattress pad. 
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recent renovation of our facilities for 
roentgen therapy at 200 kilovolts to focus 
attention on the problem. The result was 
that a new table was designed and con- 
structed. I make bold to present this table 
and briefly to describe its advantages. 


Fic. 2. Table showing the movements made possible 
by the articulated segments of the top. The head 
end of the table can be raised more than is shown 
in the illustration. 


The accompanying illustrations (Figs. 
1 and 2) show the table from the side from 
which its movements are controlled. Figure 


3 gives the principal dimensions of the table 


and may serve to clear certain details which 
otherwise might be obscure. One feature, 
which the illustrations cannot make plain, 
is that the table is mounted on strong 
swivel casters that rotate freely in every 
direction. This provides for the greatest 
mobility. One caster at each end, but on 
opposite sides of the table, is equipped with 
a pedal brake, so that the table can readily 
be “‘anchored”’ at will. 

The table itself is 25 inches high, but a 3 
inch segmented and hinged hair mattress, 
which is covered with brown fabrikoid, in- 
creases the height to 28 inches. 

The top of the table measures 78 by 30 
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inches (Fig. 3), and the metal frame 
measures 72 by 24 inches. The top is made 
of laminated wood which is covered with 
green masonite that is bound at the edges 
with strip aluminum. The top has rounded 
corners and is divided into segments which 
are hinged in such a way that the head end 
of the table can be raised mechanically 


i | 


ic. 3. Diagram giving all the essential 


dimensions of the table. 


the normal horizontal level to an 
angle of about 40 degrees. This movement 
allows a patient to be brought easily and 
quickly to a semi-reclining position in case 
dyspnea should make treatment in a hori- 
zontal position impossible. This movement 
is obtained by means of a heavy threaded 
rod which runs through a threaded bracket 
at one side of the table; the other end of this 
rod is fitted with an 8 inch wheel and a 
handle. For greater strength and to di- 
minish torque stresses, a heavy strip of 
metal, which is an extension of the side 
bracket, extends transversely across the 
inferior surface of this portion of the table 
top. 

The foot half of the table top is broken 
into two hinged segments in such a way 
that this part of the table also can be 
raised to a height of 20 inches, one seg- 
ment forming an acute angle with relation 
to the other segment. This portion of the 
table is hinged to a narrow segment which 
is fixed securely to the frame of the table. 
This arrangement makes it possible to 
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place a patient in a supported knee-chest 
position for treatment of the buttocks, and 
of the perianal and perineal regions, as may 
be required in dealing with certain diseases 
of the skin. This movement also is ob- 
tained by means of a threaded rod, which 
turns in a threaded bracket at the side of 
the table. The opposite end of the rod (at 
the foot of the table) is fitted with an 8 
inch wheel and a handle. 

The rods and brackets controlling the 
movement of the head and foot segments 
of the table are placed at one side of the 
table for a definite reason. While, in view 
of the limited height of the table, tube 
holders and stands that would permit 
treatment of a patient from beneath such 
a table are not now available, equipment 
that would permit such treatment may be- 
come available later. For this reason, it was 
thought best to leave one side and the 
under part of the table clear of all im- 
pediments. In this connection, also, open- 
ings were provided in the segment of the 
table top nearest the center. By removing 
one of the squares of appropriate size (cor- 
responding openings have been cut in the 
3 inch pad with which the table is fitted), 
it would become possible to bring a tube in 
its holder, with cone, in contact with the 
patient’s skin. 

The table is light but rigid and can be 
moved with the greatest ease. Still more 
important, however, the movements of the 
head or foot of the table, even with a 
heavy patient, are obtained without effort. 
Whenever electric insulation may have to 
be considered, a similar table, but with the 
frame made of wood instead of metal, 
could be constructed as readily as this one 
has been. If the possibility of treatment 
from beneath the table should not be con- 
sidered, the rods and brackets could be 
placed in the center of the table. This 
would further increase its strength and 
diminish mechanical stress. 
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DEVICE FOR THE STANDARDIZATION OF PATIENT'S 
POSITION IN OBLIQUE ROENTGENOGRAMS 
OF THE CHEST 


By ANDREW L. BANYAIT, M.D. 


Muirdale Sanatorium 
WAUWATOSA, WISCONSIN 


HE importance of chest roentgeno- 

grams taken with the patient in the 
oblique position needs no special emphasis 
here. When one wishes to compare oblique 
films of different individuals or oblique 
films of the same individual taken at in- 
tervals, the accuracy of such work de- 


Fic. 1. Front view of frame. 


pends, in no small degree, upon the posi- 
tion of the patient. Variations in the posi- 
tion produce corresponding changes in the 
roentgenological appearance of the intra- 
thoracic organs, as to their size, shape and 
relation to other structures. 

An oblique roentgenogram, to be of real 
value, necessitates some device for insur- 
ing the standardization of the patient’s 
position. To meet this problem, we con- 
structed a frame that is easily attachable 
to any standard cassette holder and can 
be used for taking roentgenograms in the 
right or left oblique position. It can be 
made, virtually without cost, out of two 


ordinary developing hangers, or by using 
1 of an inch wire. This is bent and fastened 
to form two separate right triangles. One 
leg of each triangle is extended beyond its 


= 


Fic. 2. Frame in position. 


junction with the hypotenuse; this rod 
measures 19} inches; the other leg meas- 
ures 14} inches; the hypotenuse is 184 
inches long. Each triangle is braced with 
a cross piece from its right angle to its 
hypotenuse. The two triangles are joined 
at the corners with uprights measuring 
183 inches. 

The frame can be attached to the cas- 
sette changer by means of sheet metal 
hooks. These hooks are fastened to the 
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upper frame of the cassette changer, 7/8 
of an inch above the upper outline of a 
standard chest film. The bottom of the 
hooks is at the upper margin of the film. 
The hooks are 143 inches apart, their 
inner edge borders the lateral outline of 
the film. When the frame is in position, 
the upright post of the cassette changer 
prevents it from sliding. On a horizontal 
cassette changer two hooks placed 23 
inches from the outer lines of the projection 
of the film at a level corresponding to the 
middle of the side of the frame will do the 
same service. By reversing the frame it can 
be used for right or left oblique exposures. 


Device for the Standardization of Patient’s Position 847 


The patient is standing squarely against 
the frame so that the frontal plane of the 
body is placed obliquely in relation to the 
cassette changer. The patient’s chin rests 
on the upper rod of the frame, and the 
mid-sagittal plane of the body is directed 
toward the right angles of the frame. 

The frame is simple in its construction 
and is easy to handle. It has been used in 
our work, mainly, for visualizing the hilar 
region. It may prove a useful aid in diag- 
nosing and following up cases of aortic 
aneurysm, neoplastic and inflammatory 
processes of the mediastinum, and tumors 
of the lung. 
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ROENTGEN DIAGNOSIS 


ABDOMEN 
Bernstein, A. Die Schichtung der Galle als 

Ausdruck der muskularen und resorptiven 

Funktion der Gallenblase. Zugleich ein Bei- 

trag zur schnellen Cholezystographie. (Sedi- 

mentation of the bile as a representation of 
the muscular and resorptive functions of the 
gallbladder; a contribution to rapid chole- 
cystography.) Fortschr. a. d. Geb. d. Réntgen- 

strahlen, Jan., 1934, 49, 68-84. 

In the process of concentration of bile in the 
gallbladder or during its emptying the bile may 
separate into layers of different density. After 
the entry of the cholecystographic medium 
into the gallbladder the contrast agent may 
sink to the deeper portion of the gallbladder 
or to its more peripheral zones. The process 
of concentration by the mucosa may therefore 
show up roentgenologically as small circum- 
scribed shadows of increased density. This 
varying concentration of bile is not demon- 
strable in cholecystograms taken in the usual 
prone position but is demonstrable only with 
the patient erect. The author illustrates and 
describes his technique of testing the concen- 
trating function of the gallbladder by what he 
calls accelerated cholecystography. This 


method of study may cast much light on the 
physiology and pathology of the gallbladder 
and may explain many of the controversial 
points of the function of the gallbladder. 
E. T. Leddy. 


Encet, A., and LysHotm, A new roent- 
genological method of pancreas examination 
and its practical results. 4cta radiol., 1934, 
15, 635-651. 

The empty stomach is distended after a 
cleansing enema with CO, produced by giving 
the patient an ordinary effervescing powder 
with a mouthful of Vichy water. A lateral 
picture is at once taken with the patient in a 
prone position immediately followed by one 
in the anteroposterior direction. The exposures 
must be made very quickly after the patient 
has swallowed the powder. If too much carbon 
dioxide escapes into the small intestine it pro- 
duces gas bubbles which interfere with proper 
estimation of the size of the pancreatic shadow. 
It is important always to use the same focal 
distance. The authors use 100 cm. for the 
lateral and 140 cm. for the anteroposterior 
roentgenograms. The pancreas is seen as a tri- 
angular shadow filling the angle between the 
body of the stomach and the pyloric canal; 
it is bounded behind by the spine. 


848 


| 4 
« 


VoL. 345 No. 6 


Sixteen cases of tumor of the pancreas and 
pancreatitis diagnosed by this method are de- 
scribed. It is a manifest improvement in the 
diagnosis of diseases of the pancreas.— Audrey 
G. Morgan. 

Hepsiom, Cart A. Diaphragmatic hernia. 
Ann. Int. Med., August, 1934, 8, 156-176. 
The causes of diaphragmatic hernia are: 

(1) imperfect development, (2) anatomical 

weakness and (3) trauma. Other anomalies are 

frequently associated. Herniation takes place 
from increased intra-abdominal pressure acting 
through diaphragmatic areas with deficient 
muscular support. The symptoms are fully dis- 
cussed. Roentgen study has aided in the re- 
duction of diagnostic errors but eventration 
may be difficult of differentiation. Failure of 
demonstration of the stomach or bowel above 
the diaphragm does not exclude the possibility 
of hernia, as the hernia protrusion may be 
spontaneously reduced at the time of examina- 
tion, or the contrast medium may have failed 
to enter the herniated portion, or a solid viscus 
only: may be herniated. Examination should 
be made in the horizontal or Trendelenburg 
position. Surgical repair is the only treatment. 


W R. Brooksher. 


GENITOURINARY SYSTEM 
CANIGIANI, THoMAs. Zur R6ntgendiagnose der 

Nierentumoren. (The roentgen diagnosis of 

renal tumors.) Fortschr. a. d. Geb. d. Rént- 

genstrahlen, Feb., 1934, #9, 128-135. 

Six cases are reported in detail which had in 
common (a) a normal excretion of methylene 
blue on both sides; (4) in the intravenous uro- 
gram no excretion of the contrast medium on 
the involved side; (c) filling defect in the retro- 
grade pyelogram. The author feels that retro- 
grade pyelography is greatly superior to intra- 
venous urography, not only in the diagnosis of 
the lesion but also in outlining its treatment. 
In those cases where the excretion of dye is 
normal and where palpation is negative, a 
filling defect in the retrograde pyelogram not 
only suggests tumor but indicates exposure of 
the kidney in question.—F. T. Leddy. 


Birzter, Orro. Zur Differentialdiagnose der 


Phlebolithen und Ureterkonkremente im 
Réntgenbild des kleinen Beckens. (The 
differential diagnosis of phleboliths and 


ureteral stones in roentgenograms of the 
pelvis.) Fortschr. a. d. Geb. d. Réntgenstrahlen, 
March, 1934, 79, 253-262. 
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The author points out the advantages of 
intravenous pyelography in demonstrating ex- 
actly the course of the ureters. By an exact 
measuring technique which he describes, Biitz- 
ler showed in 67 male pelves with 254 phlebo- 
liths that, contrary to the usual idea, phlebo- 
liths are not scattered around through the 
pelvis but that they are concentrated usually in 
the lower half of the pelvis about a thumb’s 
breadth from the linea terminalis. In the pelves 
of 43 women with 196 phleboliths it was shown 
that these, since they lie usually in the liga- 
mentum latum, are higher than in the male 
pelvis, toward the sacroiliac joints. In a differ- 
ential diagnosis between ureteral stone and 
phlebolith it should be remembered that they 
occur in a restricted area in the pelvis which is 
different in the male and female. No ureteral 
stones are projected into the pelvis more than 
a finger’s breadth from the linea terminalis. 
No phleboliths in the male occur more than 
two fingers’ breadth below the sacroiliac joint; 
in the female only in 1 per cent of all cases. 


E. T. Leddy. 


ReJsEK, JosEpH, and Sicgmunp, Apo.tr. Das 
Réntgenbild der Pneumonephrose. (The 
roentgen picture of pneumonephrosis.) 
Fortschr. a. d. Geb. d. Réntgenstrahlen, March, 
19345 267 270. 

Pneumonephrosis is not particularly rare. It 
is caused usually by an enterorenal fistula. 
Krom the roentgenogram of the kidney it is 
often possible not only to make a diagnosis of 
pneumonephrosis but it also may give definite 
information about the conditions in the kidney 
in general. The authors describe 2 such cases. 
E. T. Leddy. 

SKELETAL SYSTEM 

Deun, O. Zur Frage tiber die Bedeutung von 
Réntgen-untersuchungen des Knochensys- 
tems fiir die vergleichende Anatomie. (The 
importance of a roentgen study of the osseous 
system in comparative anatomy.) Fortschr. 
a. a. Geb. d. Réntgenstrahlen, May, 1934, 49, 
519 


523. 


Anatomical specimens of the femur of vari- 
ous vertebrates (man, chimpanzee, gorilla, 
orang-outang, gibbon, bear, wolf, kangaroo, 
and seal) were roentgenographed to allow a 
comparison of the structure of the spongiosa 
as influenced by function. The influence of in- 
ternal secretions on osteogenesis is illustrated 
by a comparison of the skulls of a gorilla and 
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orang-outang, the first of which showed marked 

acromegaly as manifested by a definite pneu- 

matization.—F. T. Leddy. 

EncLanver, O. Uber spaltformige Defekte 
bzw. persistierende Knorpelfungen im vor- 
deren Atlasbogen. (A slit-shaped defect or 
persisting cartilaginous commissure in the 
anterior arch of the atlas.) Fortschr. a. d. 
Geb. d. Réntgenstrahlen, April, 1934, £9, 403 
406. 

The author presents the roentgen findings in 

2 cases of gaps in the anterior arch of the atlas. 

Ossification of the anterior arch takes place 

from a single, but in some cases double, center. 

So that three typical cartilaginous formations 

may occur in children less than nine years old, 

two lateral and one mesial. If they do not 
ossify these appear roentgenographically as 
gaps or “pseudo gaps.”’ Defects due to cartilage 
only must be distinguished from true gaps. 

The occurrence of two centers of ossification 

in the anterior arch of the atlas is proved by 

2 autopsy specimens.—E. T. Leddy. 


Becker, Frirz. Das Os acromiale und seine 
Differentialdiagnose. (Os acromiale and its 
differential diagnosis.) Fortschr. a. d. Geb. d. 
Réntgenstrahlen, ¥eb., 1934, 49, 135-142. 
Becker reviewed 240 unselected roentgeno- 

grams of the shoulder and found 4 bilateral and 

4 unilateral typical cases of os acromiale and 

4 others which gives a percentage incidence in 

this group of 5. If 4 other atypical cases are 

included the gross percentage incidence is 6.6. 

The condition is not extremely rare, therefore, 

probably because it is missed by not taking 

axial films which alone permit the diagnosis to 
be made. The typical os acromiale corresponds 
in size with the normal epiphysis and appar- 
ently originates from an older nucleus of 
ossification. It is well circumscribed and the 
interacromial space is smooth. In 3 cases with 
arthritis deformans interacromialis the joint 
space was roughened. Many variations occur 
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according to Pfitzner in the os acromiale as a 
non-constant portion of the skeleton. Four 
such atypical cases are described. A differential 
diagnosis between fracture and unilateral os 
acromiale is very difficult roentgenologically. 
In single fractures with sharp corners it can be 
made without error. Pseudarthroses are not 
uncommon in the acromion. In regard to 
atypical cases of os acromiale the following 
points come into consideration in the differ- 
ential diagnosis: calcifications in the joint cap- 
sule (periarthritis humeroscapularis), calcifica- 
tion of the interarticular disc of the acromio- 
clavicular joint, cracked off pieces, free loose 
bodies in the joint, ossification of the soft parts 
particularly after dislocations and after neuro- 
pathic conditions. The author also describes a 
questionable case of “‘os glenoidale.”—F. T. 


Leddy. 


InNGBER, Epmonpo. Studio radiologico della 
lussazione dell’osso semilunare. (Roentgen 
study of luxations of the semilunar bone.) 
Arch. di radiol., 1934, 70, 302-320. 


Traumatic dislocation of the semilunar bone 
of the wrist is generally rather a dislocation of 
the other bones of the wrist around the semi- 
lunar; that is, the semilunar generally main- 
tains its normal relation to the radius while the 
other bones are displaced posteriorly or an. 
teriorly, the latter being rare. The injury may 
pass through a second stage, however, in which 
the semilunar bone becomes displaced in the 
volar direction and may rotate with a greater or 
less angle of inclination. The prognosis of this 
lesion is hopeless as to function and spon- 
taneous cure. 

The author describes 7 cases which are illus- 
trated with roentgenograms. He finds that a 
slight modification of Schenck’s projection is 
the best one for showing the position of the 
semilunar bone. Early roentgen examination 
is the only method of diagnosing this injury 
which is quite serious and not extremely rare. 

Audrey G. Morgan. 
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of (abs), 418 
DuvopENUM, appearance of mucosa in stenosis of 
(abs), 271 
congenital inversion (abs), 110 
descending, inflammation of (abs), 109 
diverticula of (abs), 272; (abs), 419 
diverticulosis of (abs), 271; 610 
inversum, contribution to knowledge of (abs), 
271 
third portion of, ulcer or ulcerated divertic- 
ulum of (abs), 272 
use of a supplementary late afternoon opaque 
meal for more complete demonstration of 
bulb of (abs), 419 
DysxinesiA, biliary (abs), 716 
Dysxkinesis of kidney pelvis, ureters and malforma- 
tions of spinal column (abs), 278 
Dysostosis, cleidocranial, 41 


EASTERN CONFERENCE OF RapIOLocistTs, 699 
Ecuinococcus cyst in bones, roentgen character- 
istics (abs), 285 
multilocular, of liver, clinical and roentgen diag- 
nosis (abs), 276 
EDITORIALS 
Posterior displacement of the fifth lumbar verte- 
bra: an optical illusion, 93 
The annual meeting, 249 
The adolescent sacroiliac joint syndrome, 398 
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The thirty-sixth annual meeting, 54 

The fortieth anniversary of the discovery of the 
roentgen rays, 693 

Joseph Colt Bloodgood, 1867-1935, 841 

Errect, bactericidal, of roentgen rays, 89 

biological, of roentgen and gamma rays, com- 
parison of (abs), 144 

biological, of very large doses of roentgen radia- 
tion (abs), 124 

general, of roentgen and radium rays, and on 
experimental tumors (abs), 143 

late, of roentgen irradiation after thirty-six 
years (abs), 133 

of radiation from filtered radon implants on 
growth of carcinoma and sarcoma in an- 
imals (abs), 556 

of roentgen irradiation in presence of fluores- 
cein, 378 

of roentgen rays of various wave lengths on bio- 
logical objects (abs), 572 

of roentgen rays on long bones during develop- 
ment, roentgen and anatomic study 
43° 

of roentgen rays on skin of rabbits (abs), 566; 
(abs), 567 


abs), 


ELECTRON EMISSIONS of metals produced by roent- 
gen rays (abs), 572 
EmMpHYSEMA, extrapleural bullae of, demonstrated in 
course of pneumothorax by roentgen ex- 
amination (abs), 411 
mediastinal (abs), 413 
E.NCEPHALARTERIOGRAPHY combined with arteriog- 
raphy (abs), 263 
NCEPHALOGRAPHY, improved apparatus for, adapt- 
able to ventriculography, 451 
its use in diagnosis of congenital absence of 
septum pellucidum, 573 
ENDOCRINOLOGY, importance of knowledge of, to 
roentgenologists (abs), 283 
ENDOMETRIUM, demonstration of relief of, with 
thorium dioxide sols (abs), 423 
ENTERITIS, chronic cicatrizing (abs), 422 
ENTEROLITHIASIS and pseudo-enterolithiasis (abs), 
274 
EpIPHARYNX, visualization of. 
(abs), 706 
Epipnysis of small trochanter (abs), 429 
EsopHaGus, congenital atresia of, with tracheo- 
esophageal fistula (abs), 711 
deviations in course of intrathoracic part of 
(abs), 410 
in disease of heart and aorta, 164 
pedunculated tumors of, diagnosis and treat- 
ment (abs), 710 
LABYRINTH, observations on 
pathology of, 181 
Ewina’s TuMoR (abs), 284; (abs), 429 


, by contrast media 


ETHMOID roentgen 


EXERCISE, experiment on effect of, on heart in 
athletes, 158 
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Eves, bone-free roentgenography of, new projection 
and film holder (abs), 706 
closed, apparatus for reading with (abs), 432 
movements of, under cover (abs), 706 
radiotherapy in tuberculous disease of (abs), 
118 


FALLOPIAN TUBES, primary carcinoma of (abs), 563 
Feaster, O. O., honored, 402 
FiBROMAS, cystic, of bone (abs), 282 
FILING SYSTEM, roentgen (abs), 569 
FILTERS, tin, in roentgen therapy (abs), 144 
FINGERS, active rotation of metacarpalia, e.g., in 
“spreading” of (abs), 114 
multiple osteochondropathy of phalanges of, 
617 
FLorIDA STATE RADIOLOGICAL Society, 98 
FLUORESCEIN, effect of roentgen irradiation in pres- 
ence of, 378 
FOREIGN BODIES in stomach, method of roentgen 
localization prior to gastroscopic removal 
(abs), 715 
FossILs, roentgen examination of, particularly verte- 
brates (abs), 569 
FracturREs of base of skull, roentgen diagnosis, 325 
pathological, union of, following metastatic 
hypernephroma (abs), 280 
FRONTAL SUTURE, persisting (abs), 263 
roentgen appearance of (abs), 263 


GALLBLADDER, cholecystographic images and con- 

genital malformations of (abs), 275 

disease of, and scoliosis (abs), 715 

evacuation of (abs), 416 

physiology of (abs), 11¢ 

porcelain, in roentgenogram (abs), 276 

reaction of, to psychic stimulation (abs), 276 

roentgen demonstration of communication be- 
tween gallbladder and duodenum and gall- 


bladder and colon, with calcification of 


splenic artery in same patient (abs), 715 
sedimentation of bile as representation of mus- 
cular and resorptive functions of, contribu- 
tion to rapid cholecystography (abs), 848 
GAS BACILLUS INFECTION, radiation therapy of (abs), 
ale) 
Gastritis, ulcerative, gastrophotographic and roent- 
genologic pictures of (abs), 270 
GASTROINTESTINAL TRACT: See also Digestive tract 
examination of mucosal relief as diagnost- 
ic aid in diseases of, 145 
tumors of, which are circumscribed in roent- 
genogram and difficulties of differential 
diagnosis (abs), 714 
GGAUCHER’S DISEASE, case of (abs), 285 
GENERATOR, a 300 kv. direct current, using continu- 
ously evacuated rectifiers (abs), 432 
GENITALS, female, cancer of, five year cures (abs), 
137 
female, carcinoma, protracted fractional roent- 
gen therapy of (abs), 138 
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female, tuberculosis of, radiotherapy (abs), 122 
female, tuberculosis of, treatment (abs), 131 
Gorrer, exophthalmic, roentgen therapy of (abs), 
S61 

GRANULOMATOSIS, malignant, effect of roentgen 
therapy on (abs), 565 

GRENz RAYS: See Borderline rays 

GYNECOLOGICAL DISEASES, benign, roentgen treat- 
ment (abs), 130 

GYNECOLOGY, indications and limits of irradiation 
for inflammation in (abs), 122 


Harr, abnormal growth of, after roentgen examina- 
tion for diagnosis (abs), 566 
Heap, roentgenologic physiology of circulation of 
brain, meninges and other tissues of (abs), 
263 
Heart, changes in shadow of, after inhalation of 
amyl nitrite (abs), 268 
clinical radioscopic studies of, in children (abs), 
269g 
esophagus in disease of, 164 
estimation of cardiac transverse diameter in 
children and comparison with cardiac area 
(abs), 714 
in athletes, effect of exercise on, 158 
kymographic analysis of movements of (abs),713 
metastatic tumors of (abs), 269 
relation between volume of and stroke volume 
under physiological and pathological con- 
ditions (abs), 109 
roentgen kymographic studies of (abs), 712 
roentgen kymography after Stumpf as method 
of examining (abs), 269 
simultaneous recording of movements of and 
sounds of, by the roentgen ray (abs), 269 
volume of, in Miller’s and Valsalva’s tests (abs) 
714 
HEMORRHAGES, uterine, treatment of, due to benign 
lesions, with radium and roentgen rays 
(abs), 565 
Hernia, diaphragmatic (abs), 849 
diaphragmatic, some rarer forms of, and their 
roentgen recognition (abs), 267 
left diaphragmatic, of colon (abs), 415 
right-sided diaphragmatic, 735 
Hip, lateral roentgenography of, 404 
HopcGKIN’s disease, new roentgen technique in treat- 
ment of, 214 
Horsey, J. SHELTON, portrait opposite page 717 
HypROCEPHALUS, internal, roentgen treatment of, 
and similar conditions (abs), 119 
HyPERNEPHROMA, metastatic, union of pathological 
fracture following (abs), 280 
HyperTENSION, essential, failure of roentgen therapy 
of pituitary and adrenals in (abs), 563 
HypopHARyNx, malignant tumors of, roentgen diag- 
nosis (abs), 265 
method for roentgen examination of, and upper 
air passages (abs), 265 


ILeuM, terminal, chronic and productive processes 
of, studied with aimed serial roentgeno- 
grams (abs), 420 
IL1uM, osteomyelitis of (abs), 280 
Impression, basilar, roentgen appearance in four 
cases of (abs), 704 
INFANTILISM, hypophyseal, treatment with anterior 
hypophyseal extract (abs), 283 
INFANTS, frontal exposure in diagnosis and prognosis 
of thoracic diseases in (abs), 109 
indications and results of weak irradiation and 
temporary castration with roentgen rays 
and its effect on (abs), 132 
INrecTion, gas bacillus, radiation therapy of (abs), 
INFLAMMATION in gynecology, indications and limits 
of irradiation for (abs), 122 
of descending duodenum (abs), 109 
INFLUENZA pneumonia, peculiar roentgen findings 
in (abs), 107 
pneumonitis, acute, 168 
INTESTINE, adenomatous and pseudo-adenomatous 
polyps of (abs), 417 
carcinoma, roentgen treatment (abs), 127 
large, demonstration of lowest parts of, in roent- 
genogram (abs), 423 
obstruction of, 744 
INVAGINATION, intestinal (abs), 273 
lon1zATION chamber for Mekapion (abs), 570 
of liquid carbon disulphide by roentgen rays, 84 
lonoGNnoM, suitable dosimeter for superficial therapy 
(abs), 567 
loNOMETER for radiation protection measurements 
(abs), 570 


Jaw, lower, cystic adamantinoma of (abs), 706 
JeyuNnuM, appearance of mucosa in stenosis of (abs), 
271 
diverticula of (abs), 272 
Joints, arthrodial, of spinal column, roentgen pic- 
ture of (abs), 427 
287 


123 


Reichel’s osteochondromatosis of (abs) 
tuberculosis of, roentgen therapy (abs) 


> 


KIDNEY, changes in, in tumor of spleen (abs), 42 
dyskinesias of pelvis of, and ureters (abs), 2 
exclusion of, by roentgen irradiation (abs), 278 
function in acute calculous obstruction of ureter, 

596 
pelvic, with ureter opening near urethral orifice, 
395 
stone of, secondary to trauma of spinal column 
(abs), 428 
tumors, roentgen diagnosis (abs), 849 
KNEE, internal paracondyloid femoral 
(abs), 428 


shadows 


tuberculous cysts of knee joint, 209 
KNEE JOINT, capsule of, in pneumoroentgenogram 
(abs), 429 
KyMmocrapny, analysis of movements of heart by 
(abs), 713 
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roentgen, after Stumpf as method of examining 
the heart (abs), 269 
roentgen, of the heart (abs), 712 
roentgen, with interrupted slit (abs), 712 
KyMOGRAM, respiration of the asthmatic as shown 
in (abs), 108 
surface, examination of diaphragm by means of 
(abs), 267 
KYMOPHONOROENTGENOLOGY, the simultaneous re- 
cording of cardiac movements and sounds 
by the roentgen ray (abs), 269 


LACRIMAL stenosis of (abs), 408 
Larynaitis, tuberculous, roentgen therapy (abs), 
11g 
LaryNx, intralaryngeal carcinoma in man aged 
thirty-seven (abs), 410 
malignant tumors of, roentgen diagnosis (abs), 
265 
relation of, to bronchoscopy and esophagoscopy 
(abs), 410 
tuberculosis, radiotherapy of (abs), 12 
Latin-AMERICAN Concress of PuysicaL THERAPY, 
X-Ray and Rapium, 98 
Leukemia, bone changes of, in children, 31 
mediastinal tumors and (abs), 413 
myeloid and lymphatic, new roentgen technique 
in treatment of, 214 
Leuxocyrtes, decrease of, after irradiation with very 
soft roentgen rays (abs), 141 
Lip, carcinoma, irradiation of, 381 
upper, causes of recurrence of sycosis vulgaris 
of, after roentgen treatment (abs), 561 
Liporposis: See Schiiller-Christian’s disease 
Liver extract in roentgen sickness (abs), 125 
multilocular echinococcus cyst of, clinical and 
roentgen diagnosis (abs), 276 
Loca.izer for roentgen examination of temporal 
bone in Stenvers’ position, 70c 
LunGs, abscess, certain aspects of, from analysis of 
210 cases (abs), 412 
acute massive collapse complicating pneumonia 
in infant five weeks old (abs), 708 
anatomico-pathological and roentgen study ot 
vena azygos lobe and cardiac lobe (abs), 266 
bronchoscopy in disease of (abs), 71 
changes in, associated with upper respiratory 
tract abnormalities and diseases, 364 
changes in shadows of, after inhalation of amyl 
nitrite (abs), 268 
congenital cystic, 724 
generalized carcinomatous lymphangitis of (abs), 
412 
lower line of, 740 
method of localization in sagittal roentgeno- 
grams of (abs), 415 
multiple lymphogranulomatous nodules in (abs) 
108 
negative pressure chamber in roentgen demon- 
stration of disease of, 730 
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normal and pathological vena azygos lobe (abs), 
267 

““open-mesh,’ 
(abs), 107 


characteristic roentgenogram of 


paraffin oil damages of (abs), 709 

partial atelectasis of, as postoperative complica- 
tion (abs), 709 

post-traumatic pleural calcifications (abs), 

right capillary line under normal and patho- 
logical conditions (abs), 268 


268 


roentgenologic symptomatology of disease of 
middle lobe of (abs), 107 
serial bronchography in diagnosis of suppura- 
tive processes of, $79 
study of lymphatics of, and pleura and peri- 
cardium by thorotrast (abs), 432 
triangular shadow at base of, in atelectasis and 
bronchiectasis in children (abs), 
Lupus VULGARIS; See also Skin, tuberculosis 
combination of roentgen therapy and moist heat 
therapy in (abs), 561 
seven years’ experience with ultra soft ray treat- 
ment of (abs), 116 
LyMPH NODES in cancer of cervix, 
reactions to radiation in, 


removal of, 354 

containing carcinoma 
metastases of squamous cell type (abs), 558 

LYMPHANGITIS, generalized carcinomatous, of lungs 
(abs), 412 

LyMPHATIC SYSTEM in vertebrates, 
of (abs), 428 


roentgen study 


injections of colloidal thorotrast into peritoneal 
cavity for study of diffusion through (abs), 
115 

of the pleura, lung and pericardium by thoro- 
trast (abs), 432 

roentgen demonstration of (abs), 116 

thorium oxide as contrast medium in roentgen 
study of (abs), 568 

LymMpHOMATA, tuberculous, 


roentgen treatment 


(abs), 121 


effect of the total reflexion of roent- 
gen rays on production of roentgenograms 
with reference to (abs), 142 
MALIGNANT DISEASE: See Cancer 
Masrtoips, crossed roentgenograms of (abs), 430 
MrAsuREMENT, biological, of depth dosage with 165 
kv. and 650 kv. roentgen rays, 
factors influencing quantitative, of roentgen-ray 
absorption of tooth slabs, 523, 529, 678, 817 
of roentgen and gamma rays, condenser cham- 
ber for (abs), 144 
roentgen-ray, 


EFFECT, 


789g 


with counting chambers (abs), 
MEDIASTINUM, anterior, teratomas and dermoids in 
(abs), 108 
emphysema of (abs), 413 
tumors of, 
MEDICINE, 


and leukemia (abs), 413 
importance of roentgen examination of 
structure of crystals in (abs), 569 
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MEKAPION, new cone-chamber for (abs), 570 
MENINGITIS, tuberculous, roentgen therapy of (abs), 
S60 
MerALs, electron emission of, produced by roentgen 
rays (abs), 572 
Mip-sSUMMER RADIOLOGICAL CONFERENCE IN Rocky 
MouwnrTAINs, 99 
program of meeting, 255 
Minnesota RaApIOLoGIcaL Society, 257 
Mouth, adenocarcinoma of, 53 
cancer, radiotherapy of (abs), 559 
Mucoce-e of frontal sinus, roentgen aspects, 30 
Mucosa, gastric, prolapsing lesions of, 337 
normal, of colon, roentgen appearance of (abs), 
421 
MUCOSAL RELIEF, examination of, as diagnostic aid 
in diseases of gastrointestinal tract, 145 
MiULver’s TEST, volume of heart in (abs), 714 
MYELOGRAPHY, "cheery ation of a new sign in (abs), 
280 
Mye toma, multiple, in a child (abs), 283 
Myxepema, chronic pericardial in (abs), 
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NeEcrosIs, aseptic, healing processes in (abs), 286 
NEGATIVE PRESSURE CHAMBER, in roentgen demon- 
stration of pulmonary disease, 730 
NERVES, auditory, results of examination of petrous 

bone in tumors of (abs), 106 
peripheral, normal shadow, and pathological 
change in injury and tumor (abs), 415 
NERVOUS SYSTEM, relation of spondylosis deformans 
and arthrosis deformans of the smaller 
vertebral joints to (abs), 115 
sympathetic, tumors of (abs), 425 
NEURALGIA, trifacial, roentgen treatment (abs), 117 
NucLeus, atomic, structure of (abs), 569 
pulposus, intervertebral, calcification of (abs), 
427 


O1L Tumors, results of roentgen therapy in (abs) 558 
Optic CANAL, pathologic changes in (abs), 106 
Os acromiale, differential diagnosis (abs), 850 
subtibiale (abs), 287 
OssIFICATION, centers of (abs), 113 
disturbances of, similar to Koéhler’s disease in 
first cuneiform bone in twins (abs), 429 
post-traumatic paramalleolar, with reference to 
differential diagnosis from comminuted 
fracture (abs), 287 
OsteiTis deformans (abs), 282 
deformans Paget (abs), 114 
fibrosa cystica localisata (abs), 282 
fibrosa generalisata, case of, with well-marked 
tendency to spontaneous cure (abs), 115 
deformans coxae juvenilis, roent- 
gen diagnosis (abs), 114 
OsTEOCHONDROMATOSIS, Reichel’s, of joints (abs), 
287 
OsTEOCHONDROPATHY, 


multiple, of phalanges of 


fingers, 617 


OsTEOMALACIA, healing processes in malacic disease 
and so-called aseptic necrosis (abs), 286 

OstTEeoMyYELItTIs of ilium (abs), 280 

Oric CANALS, simple technique for roentgenography 
of (abs), 707 

OriTis MEDIA, simple roentgenography and stereo- 
scopic roentgenography of petrous mastoid 
portion in diagnosis of (abs), 264 

Ovary, granulosa carcinoma of, clinical, histological 
and radiotherapeutic peculiarities of (abs), 
129 

papillo-cyst adenomata of, use of pneumoperi- 

toneum concurrent with paracentesis in 
(abs), 423 


PAGET'S DISEASE, attempt to produce, by use of 
anterior pituitary growth extract and para- 
thyroid extract, 465 
of bone, relief of pain by roentgen irradiation, 
374 
PaLate, soft, appearance of, in roentgenograms of 
normal and pathological cases (abs), 706 
PANCREAS, new roentgen method of examination and 
its practical results (abs), 848 
PApPAVERIN, effect of administration of large doses of, 
on emptying of stomach (abs), 277 
PARACENTESIS, pneumoperitoneum concurrent with 
(abs), 423 
PARACONDYLOID, internal, femoral shadows (abs), 428 
PARAFFIN OIL damages of the lungs (abs), 709 
PARATHYROID extract, attempt to produce Paget’s 
disease by use of anterior pituitary growth 
extract and, 465 
PAROTID GLAND, tumors of (abs), 409 
PELVIMETRY, roentgen, simple method of, 403 
Pe.vis, differential diagnosis of phleboliths and 
ureteral stones in roentgenograms of (abs), 
849 
PeENIs, carcinoma, radiotherapy (abs), 138 
Peptic uULcER, clinical consideration of etiology of 
(abs), 277 
diagnosis of activity and cure of (abs), 715 
mechanism of pain in gastric and duodenal 
ulcers (abs), 277 
of ulcerated diverticulum of third portion of 
duodenum (abs), 272 
roentgen and histological interpretation of “ring 
image’ in gastroduodenal ulcer (abs), 418 
roentgen findings and operative control in cases 
of gastroduodenal ulcer treated with benzo- 
ate of soda (abs), 419 
roentgenologic follow-up of 125 cases of, with 
clinical and laboratory findings, 1g0 
segmental spasm of the lesser curvature in diag- 
nosis of ulcer of pyloroduodenal region 
(abs), 270 
PERICARDITIS, exudative, roentgen diagnosis (abs), 
414 
PERICARDIUM, study of lymphatics of, by thorotrast 
(abs), 432 
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PERINEUM, chair for roentgen treatment through, 
549 
PERITONEAL CAVITY, injections of colloidal thorotrast 
into, for study of diffusion of contrast 
medium through lymphatics (abs), 115 
PETROUS BONE, importance of roentgen examina- 
tions in suppurations of tip of (abs), 408 
in auditory nerve tumors, results of examination 
(abs), 106 
PHALANGES of fingers, multiple osteochondropathy 
of, 617 
PIGMENT in urine, study of, after roentgen and ra- 
dium irradiation (abs), 134 
PINEAL Bopy, calcified, localization of, under normal 
and pathological conditions (abs), 704 
calcified displaced, importance of, in roentgen 
diagnosis of brain tumors (abs), 705 
PiruITARY BODY, anterior, growth extract, attempt 
to produce Paget’s disease by use of, and 
parathyroid extract, 465 
failure of roentgen therapy of, in essential 
hypertension (abs), 563 
incidence of adenoma of, in some types of new 
growth (abs), 263 
PLACENTOGRAPHY, intravenous, biology of (abs), 112 
Pievura, adhesions of, roentgen demonstration (abs), 
712 
etiology, occurrence and importance of calcifica- 
tion or ossification of (abs), 712 
parietal, nodules on, in artificial pneumothorax 
(abs), 415 
study of lymphatics of, by means of thorotrast 
(abs), 432 
PLEURAL EFFUSIONS, interlobar, 475 
PLEURITIS, superior mediastinal or thymic hyper- 
plasia? (abs), 108 
PneumMoGrapny of chiasmal region (abs), 263 
PNEUMONIA, acute massive collapse complicating, in 
infant five weeks old (abs), 708 
influenzal: See Influenza 
lobar, physical signs and roentgenographic find- 
ings in adults (abs), 267 
lobar, roentgen picture in resolution of (abs), 411 
PNEUMONEPHROSIS, roentgen picture of (abs), 849 
PNEUMOPERITONEUM concurrent with paracentesis 
(abs), 423 
PNEUMOROENTGENOGRAM, knee joint capsule in 
(abs), 429 
PNEUMOTHORAX, artificial, nodules on parietal pleura 
in (abs), 415 
artificial, oblique films for study of adhesions 
in, §g2 
recognition of small encapsulated supradia- 
phragmatic effusions occurring in (abs), 107 
PoLYCYTHEMIA RUBRA, treatment of, with roentgen 
rays (abs), 134 
vera, new roentgen technique in treatment of, 
214 
Po.yps, adenomatous and pseudo-adenomatous, of 
stomach and intestine (abs), 417 
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bronchial, diagnosis by bronchography (abs), 
266 
PORCELAIN WORKERS, silicosis in, from roentgen and 
clinical standpoint (abs), 709 
PREGNANCY, appearance of roentgenograms in (abs), 
278 
roentgen measurements in (abs), 112 
PROSTATE, cancer, five year cures (abs), 140 
carcinoma (abs), 279 
carcinoma, roentgen therapy (abs), 564 
hypertrophied, case of marked direct roentgen 
visibility of (abs), 
Protection, methods of, against dangers of roent- 
genoscopy, 24! 
of the radiologist, 512 
simple, ionometer for radiation protection meas- 
urements (abs), 570 
Py.Lorus, inflammatory stenosis of (abs), 109 
PyopNEUMOTHORAX, infrapulmonary (abs), 412 


Rapiation biology, physical foundations for (abs), 
$67 
field, problem of uniform distribution of, in 
supervoltage roentgen therapy with tubes 
operating on continuous pump, 664 
further remarks on quality 


(abs), 571 


determinations 


relation between roentgen dose and rate of gene 
mutation with different qualities of (abs), 
$71 
RADIOLOGIST, protection of, 512 
Rapio.ocy, relationship of, with surgery, 717 
RapiuM emanation, studies on permeability of skin, 
to (abs), 568 
emanation treatment of vernal catarrh, 637 
experimental and clinical study of use of, in the 
brain (abs), 143 


intensity distribution around preparations of 


(abs), 144 
method for control of preparations of (abs), 144 
needles, treatment of low grade epidermoid car- 
cinoma by means of (abs), 559 
preparations, biological dosage of (abs), 568 
research in Sweden, 698 
therapy, complications and injuries in, 77 
therapy, correction of dietary errors in connec- 
tion with, SI 
Rabon, new applicators of (abs), 568 
implants, filtered, effect of radiation from, on 
growth of carcinoma and sarcoma in ani- 
mals (abs), 556 
Rectum, cancer, radium treatment, 498 
carcinoma, preoperative radium treatment, 766 
RESPIRATION, roentgen investigation of movements 
of, by kymography and kymorthodiag- 
raphy (abs), 713 
RESPIRATORY TRACT, acute infections, effect of, on 
latent silicosis (abs), 710 
oral and upper, neoplasms of, treated by pro- 
tracted roentgen therapy, 482 
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RETICULO-ENDOTHELIAL SYSTEM, visualization of, by 
injection of colloidal thorium (thorotrast), 
433 
RoENTGEN, life of, in Zurich (abs), 570 
personal recollections of (abs), 570 
portrait of, 692 
ROENTGEN irradiation, late effects of, after thirty- 
six years (abs), 133 
ray absorption of tooth slabs, factors influencing 
quantitative measurement of, 523, 529, 
678, 817 
ray museum, place of, in teaching program of 
medical school, 811 
ray wave length, rdle of, in skin tolerance, 234 
rays, bactericidal effects of, 89 
rays, biological effect of very large doses of 
(abs), 124 
rays, fortieth anniversary of discovery of (E), 
693 
rays, ionization of liquid carbon disulphide by, 
84 
sickness, liver extract in (abs), 125 
sickness, pathogenesis of (abs), 124 
sickness, treatment of, with cardiazolephedrin 
(abs), 124 
spectrum, studies of (abs), 572 
therapy, improved table for, 844 
therapy, preliminary report on use of 300 kv. 
machine for, 653 
therapy, protracted fractional, clinical experi- 
ence with, in inoperable and recurrent 
malignant genital tumors and carcinomata 
of breast (abs), 125 
therapy, protracted fractional, comparison of 
doses in, and single treatment methods 
(abs), 138 
therapy, protracted fractional, neoplasms of oral 
and upper respiratory tracts treated by, 
482 
therapy, protracted fractional, of carcinoma, 
clinical and experimental study (abs), 138 
therapy, protracted fractional, of carcinoma of 
female genitalia (abs), 138 
therapy, protracted fractional, of carcinoma of 
uterus (abs), 135 
therapy, protracted fractional, with large doses 
in malignant tumors (abs), 125 
therapy, supervoltage, with tubes operating on 
continuous pump, problem of uniform dis- 
tribution of radiation field in, 664 
therapy, tin filters in (abs), 144 
therapy with 700 kv., 659 
tube, decreasing exposure time by new method 
of loading (abs), 143 
tube with rotating anode and “‘anode cooling” 
(abs), 144 
tubes, progress in design of shock proof, for 
therapy and industrial roentgenography, 
518 


RoOENTGENOGRAM, Clinical evaluation of (abs), 416 
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+ READING TEST STRIPS TO MEASUR 
UNIFORM SPEED 


In controlling the uniformity of DuPont X-Ray Film, practical 
plates are made with an X-Ray machine, but in addition a 
photometer is brought into use for making sensitometric 
readings, which are far more accurate and infallible in judging 
uniformity of quality than the human eye. 


E SPEED 


DU PONT FILM MANUFACTURING 
CORPORATION 
35 WEST 45th STREET NEW YORK, N. Y. 


OU PINT TRADEMARK 


) WN A N 


In answering advertisements please mention Tuk AMERICAN JOURNAL OF ROENTGENOLOGY AND RapIUM THERAPY 


¥ 
“ 
— 
- 


PICKER-WAITE 


invite you to consider 
a significant advance 


in x-ray design 
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UNIT 
Modern— Dependable 


Accurate 


This exceptional machine may be used for hospital bedside work or as 
a spare unit in the main x-ray laboratory. The shockproof head may be 
readily detached from the tubestand and actually placed in the bed 
with the patient, permitting radiographs at the most difficult angles. 

The Waite Mobile Bedside is also reliable and efficient as a supple- 
mentary unit for bi-plane fluoroscopy and in setting fractures. Worthy 
of special attention is the Waite patented feature of oil-immersing the 
x-ray tube, and the high tension and filament transformers within a 
single grounded metal tank. The superior mobility of the Waite 
Mobile Bedside Unit makes for greater ease in handling. We suggest 
that you write for bulletin No. 185 describing this new unit and other 
Waite x-ray equipment. No. 1675 is available in both 30 M. A. and 
10 M. A. capacity. 
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Radiographs Confirm or 


Refute 


the Sy mptomatic Diagnosis 


Siaiashioids are often so similar in various types of intesti- 
nal involvement that early diagnosis and differentiation of the 
actual situation may rest entirely upon the radiographic findings. 
Waiting for advanced symptoms to definitely establish the 
diagnosis means loss of valuable time—the delay may even 
alter the prognosis. 

Eastman advertising in December Medical Journals conveys 
that message to the general practitioner. He is advised to 
refer the patient promptly to a radiologist so that a complete 
series of radiographs may be made in all cases where the symp- 
toms point to intestinal disease. 


When a radiographic series is to be 
made, as in the complete investigation 
of the intestinal tract, it is of prime 
importance that films be uniform. In 
technical quality, every radiograph 
should be exactly alike. 

Eastman Ultra-Speed X-ray Films 
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the most rigid manufacturing require- 
ments. In addition, they have maxi- 
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Safety X-ray Films. Eastman Kodak 
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